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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
+ o+ o+ o+
ADVISORY CONMMITTEE ON REACTOR SAFEGUARDS
(ACRS)
+ o+ o+ o+
JOINT METALLURGY AND REACTOR FUELS AND THERMAL-
HYDRAUL{IC PHENOMENA SUBCOMMITTEE
+ o+ o+ 4+ o+
TUESDAY
MAY 17, 2016

+ 4+ + + +

=

OCKVILLE, MARYLAND
+ 4+ + 4+ +
The [$ubcommittee met at the Nuclear

Regulatory Commigsion, Two White Flint North, Room

T2B1, 11545 Rockviille Pike, at 12:32 p.m., Gordon R.

Skillman, Chairmam, presiding.

COMMITTEE MEMBERS
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STEPHEN HAMBRIC, Consultant
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TIMOTHY LUPOLD, NRO
JOSE MARCH-LEUBA, Invited Expert
RICHARD MORANTE, Consultant*
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AN SKILLMAN: Good afternoon.

come to order. This is a Jjoint

Advisory Committee on Reactor

ittees on Metallurgy and Reactor
nydraulic Phenomena. I'm Gordon
ember of the Metallurgy and Reactor
I'm chairman
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Michael Corradini, Dr. Joy Rempe,
John Stetkar, past ACRS Chairman
s Bley, the current ACRS Chairman.
the ACRS staff is the Designated
for this meeting.
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ss the final draft Regulatory Guide
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During Pre-Operational and Start-
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Y
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ng.

Wind speakers at the front of the
i the microphone indicated by the
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off when not speaking. We will now
neeting,

and I call on Tim Lupold,

N the Division of ©Engineering,
d Advanced Reactors of the Office of
make introductory remarks. Tim?

UPOLD: Good afternoon. I had to
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yht. My name is Tim Lupold. I have
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like to thank vyou, the Jjoint
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Vibration Assessment Program for
s During Pre-Operational Start-Up
the revision. It is Revision 4,
today two members of my staff, Mr.
and we also have

i Mr. Yuken Wong,

ric from the Pennsylvania State

>~ line we have Richard Morante of
nl Laboratory and Dr. Samir Ziada

versity in Canada. The revisions

de 1.20 incorporate many lessons
years, and so without any real
going to turn it over to Tom

rt the presentation.

CARBROUGH: I'm Tom Scarbrough.

AN SKILLMAN: Light on. Thank you.
ARBROUGH: There you go. I'll try
Scarbrough. First, I'd 1like to
am. Some of you may know our

ome of you may not. So I thought

rnt to do that. First, Yuken Wong.
chanical engineer in the Mechanical
1 of New Reactors.

s responsible for the evaluation of
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S in new reactors, and has

the ESBWR design certification in
lned license steam dryer reviews.
mechanical engineer in the branch.
the Quad Cities and Dresden steam
and several of the BWR

luations,

pdates and ESBWR in South Texas

with us today is Dr. Stephen
5’ a professor of Acoustics at
le University. Dr. Hambric has

) papers in the areas of acoustics

vibration and noise. He 1is the
nr of the Penn State Center for
nation, and a fellow of the ASME and

se Control Engineering.

Hambric has provided technical

~ NRC review of all of the BWR

rates since the Quad Cities steam

aind the ESBWR steam dryer design

lication.

we have Mr. Richard Morante, who is
neer 1in the Nuclear Science and
tment of the Brookhaven National

Morante has 25 years of experience
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Revision 4, the
specific lessons
Revision 4, the
responses, and a

Okay,

Cou

(202) 234-4433

| certification review,
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nical assistance to NRC for static

fural analysis, vibration and stress
umerous other engineering areas.

drante has participated in the ESBWR

specifically

md resolution of General Electric

analysis procedures. Also on the

who 1is a professor of
at McMaster University in
Canada.

iada has published over 200 papers
ow—-induced vibration and industrial
Dr. Ziada has participated in the
of the EPU applications, the South

icense and the ESAPWR and ESBWR

ion applications.

next slide please. Thank you.

jive you a brief overview of our

bing to talk about the Regulatory

At its purpose is, the reasons for

summary of those revisions, the

learned that we've included in

public comments received and our

summary and conclusion statement.

next slide. Overall,
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Part 50, Append
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and Appendix B re
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but it serves
maintain its stru
loose parts as wq
past. Regulator
acceptable method
comprehensive vil
refer to as CVAH
power plants.
Parti
avoidance of ag
vibration, FIV, a

mechanically-indu

talk about those

11

applicable regulations at 10 C.F.R.

ix A, DDC-1, which i1is quality
which is environmental conditions
garding quality assurance.

11 know, the BWR steam dryer is not
Aety-related in the classic sense,
an 1important safety function to
dture integrity and not generate any
H've had that happen before in the

¥y Guide 1.20 provides guidance on

Y

s for developing and implementing a

ration assessment program, which I

for reactor internals at nuclear

tular attention is given to the

Iverse effects from flow-induced

coustic-induced vibration, AIV, and
¢ted vibration, MIV. We're going to
particular flow-induced vibration
later in the

vibration effects

MAN SKILLMAN: Tom, let me ask when
CARBROUGH: Sure.
MAN SKILLMAN: When 1is the right
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MR.

Y

review plan 3.9{

consistent with R
terms of the Regq

guidance in sg

classification of

limited prototype
It
individual comp(q
procedures, the
convergence of
benchmarking, and

procedures and inj

The 1

12

ekrs to ask specific questions about
e, because some of the comments I
affected by the words that you just
t want to be premature in asking my
CARBROUGH: Why don't -- why don't

jet through the sort of general
Dr. Hambric will take over, and that

Dpriate time to ask those questions.

MAN SKILLMAN: Okay, okay. Thank
SICARBROUGH : Thank vyou. Standard
2 1s undergoing revision to Dbe

dvision 4 to the Reg Guide 1.20. In

jy Guide 1.20 overall, it provides

rt of three main areas: the

reactor internals, prototypes or

$ Oor non-prototypes.

Halks about multi-unit plants,
nent replacement, the analysis
14 functions, response modeling,

the stress calculations and

then also guidance in measurement
qfplant measurement issues we've had.

¢asons for the revision of the Reg
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learned, and also
the actions taken
Prior
was a 1976 revisi
learned that we p
on Revision 3, th
that needed to I}
prototype definit
classifications o
3, and that carri
It wa
involved with th4g
to tackle that pr
time for at the

with Revision 4

down from eight

they're much more

We've
various sections
useful. We've ad

of all the act
Revision 3.

applications, the

vities

13

jion 3 we updated in 2007, and it

Quad Cities and Dresden lessons
the Vermont Yankee EPU start-up and

to address their dryer.

to that, the earlier version Rev 2
on. So there's 30 years of lessons
wlled in. But when we were working

ere were several areas that we saw
de further updated. One was the
ions. There were eight different
f prototype definitions in Revision
ed over from the earlier revisions.
4 very confusing at the time. I was
t Revision 3. We just didn't want
dblem. That was bigger than we had
Hime. So we took this opportunity
to condense those classifications
to three, and I think you'll find
understandable.

reorganized the Reg Guide in the
to make them more concise and
Jed numerous lessons learned because
since

that have occurred

'he BWR extended ©power uprate

Te have been several of those since
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The
whole issue with
with the ABWR. W¢g
We also wanted to
modular reactor
control rod drivsg
reactor vessel,
reactor in

those

large reactors.

A lot

we're Jjust now g
smaller reactor
everything's much

where things coul

next slide —--

MEMBE
there?

MR. S

MEMBE
heard, Jjust to m

guide up to speq
applicants have

staff's review of

a bit more regula

14

ESBWR design certification, that

the steam dryer. Also South Texas
have lessons learned there as well.
pull in the applicability of small
applications. For example, the
mechanisms may be more inside the
interaction with

there being more

ternals than previously with the

of that is proprietary, Dbecause

tarting to look at some of these

designs. But suffice to say

more condensed in terms of what —--

@ be affected by vibration. 1In the

R CORRADINT: So can I stop you

CARBROUGH : Sure.

R CORRADINI: So what I think I just

Hke sure is basically bringing the

od relative to the practices that

provided to the staff, and the

those applications, to make things

nized. Is that a fair way of saying
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itw
MR. S
MEMBE
I didn't understd
about the CRDs £
there something p
with you all or a
to modify the Re
anticipating some
MR.
anticipate that.
licensees that
potential vibrati
SMRs, there may
involved than pre
past, the CRDMs
the picture for t
Here,
may be additional
be thinking about
a large reactor.
CHATIR
maybe you're goin

curious about is

would appear in arg

15

CTARBROUGH: Yes sir, yes sir.

R CORRADINI: Okay. The only thing
ind is the last statement you made
Nr the small modular reactors. Is
@rticular there that starts concern
different methodology that you want
g Guide for that, or are you Jjust
thing?

SCARBROUGH:: We're trying to
We wanted to alert applicants and
when they start thinking about
on effects on reactor internals for
be a lot more internals that are
viously involved, you know. In the

ere up, you know, weren't even in
he evaluation.

we wanted to make sure that there
reactor internals that they may not
if they had previously worked with
And then so

MAN SKILLMAN: Okay.

¢y to answer this later. But so I'm

there a particular phenomena that

SMR that wouldn't appear in current
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reactors, and the
the mass flux 1is
they're usually 1

So I
maybe there's so9
spacing that I d
appropriate, I'd
phenomena that's
might be a concer

MR. S
can get more int
more about was th
steam lines. Whe
be more -- therqg
more acoustic af
smaller lines th
directly into the
would be hitting ft
But --

CHATR
wait. Maybe I'm
SMRs with steam ¢
side effects.

coupling they're

MR.

J

Cou
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on't understand.

N that later.

re the lines are smaller,

Ht come back,

MAN SKILLMAN:

forgetting the design.

o there's

HCARBROUGH::

D

16

reason I ask the question is usually

the flow rates are much lower, and

m natural circulation-driven flows.

rhink we're less in a problem, but

mething about the length and the

So whenever it's

be curious as to what's the
mew here that concerns you, or that
m?
CARBROUGH: Okay. Well what -- we

What I was thinking

& steam lines and feedback from the

there may
may be additional possibility of
fects from the steam lines being
and might come back
reactor vessel. Whereas before, it

he steam dryer in the large reactor.

But all the SMR -- oh
But all the
enerators,

we're talking secondary

some sort of acoustic

worried to the primary system?

Yeah. There may be

NEAL R. GROSS

RT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

something that --

know yet in terms

MEMBE
CHATR
Corradini's quest
machines, these d

they have Ilower
portion lower £l
functions. So my
the SMRs they're

I wou
they will not be
machines.

MR. 9

We didn't want Y

reactors because

that are involve
analysis, that th
an issue here. H

then have somethi
take a look at it
issue there.
CHATIR
enough that an 3]

model flow test o

17

coming back that way. We just don't

of all the --

R CORRADINI: Okay, fine.

MAN SKILLMAN: Building on Dr.
fion, my thought was the smaller
maller reactors are jointly now or

|/ sSmaller diameters probably by

bw rates, and some lower driving
first reaction is I wonder what in
concerned about.

1d think if there's any place where
@ concern it will be in the smaller
CARBROUGH :

Yeah, it might be so.

b, you know, ignore those smaller
of the additional reactor internals

1. Now they may find, based on

1%

e flows and such are -- there's not
ut we didn't want to ignore it and
mg pop up later. We wanted them to
and make sure that there was not an
MAN SKILLMAN: Is the guidance clear

MR must have some form of a vessel

H a monitor test, so that that small
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reactor becomes,

MR. S
the guidance in {
was a prototype.
there's a lot o
reactor. They
evaluations going

So th
at this and 1loo
guidance and say
and make sure we
with our smaller

So th
the new vendors f
reactors, and mak
occur that we're
reactors.

CHATIR
if I'm not accurd
intended to provi
used by the vendoj
that the true pur
regulators in the

MR.

actually. It 1

18

1if you will, a certified prototype?

CARBROUGH: Well, they could follow

he Reg Guide, to make sure that it
They did look at this. I know
ff work going on with the NuScale
scale

have a lot of small

type

on.

D

#re may be areas where they can look
k at the Reg Guide, look at the
dkay, we're going to check this out
don't have a potential issue here
reactors.

at will be the goal, Jjust to alert
hat this is an issue for the large
= sure that we don't have an issue
not anticipating for the smaller
MAN SKILLMAN:

Okay. So correct me

iite here. The Reg Guide is really
de guidance for the NRC staff. It's
ns. It's used by the manufacturers,

wose of a Reg Guide is to guide the

ir overview of the product.

L

SCARBROUGH: That's the -- Dboth

rovides guidance for the staff,
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because we're goi

we're trying to pi

the one document||

guidance for the

the staff is think

be asking questid
for actually both
CHAIR

MR. W
want to clarify.
water reactors.
applicability to

CHATR

MR.
slide.

CHATR

(Simu

MEMBE
you'll come back.

CHATR

MR. S
dryer lessons lea
in the past, and

bit of detail.

learned, there's I

19

Ng to reference it in 3.9.2, because
111 in all of the lessons learned at

And then also it provides the
vendors and such.

They know what

ing in terms of what the staff would

ns about. So it provides guidance
groups.
MAN SKILLMAN: Okay, thank you.

DNG: This is Yuken Wong. I just
Revision 3 only addresses light

So we want to mention the
SMR as well.

MAN SKILLMAN: Thank you.

L

SCARBROUGH : Great, okay. Next

MAN SKILLMAN: Just hold, just hold.
ltaneous speaking.)

R CORRADINTI: We'll wait because
Go ahead.

MAN SKILLMAN:

CARBROUGH: Okay, thank you. Steam

rned. We've had meetings with ACRS
just talked about this in quite a
But the BWR steam dryer lessons

deen significant improvements in the
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evaluation proces
picture of the Qu
Quad
break in November
these lessons legd
sure everyone un
learned are.

The s

minor adjustments|,

geometry and stru
lead to significa
was the Quad Citi

You W
plants, but thelil
dryer was signifi
and it had to do
relief valves wer
in terms of when
those.

Quad
right when they'rd
they passed thro
changes that you

can make a big di

MEMBE

20

s for this since the picture is the
@ad Cities Unit 2 in June 2003.

Cities Unit 1 had an even larger
of 2003. But we're trying to apply
to make

irned in the one document,

derstands what the latest lessons

#cond paragraph there has to do with
As you know, minor adjustments in
¢ctural properties in conditions can
nt changes. A prime example of that
@s Dresden issues.

puld think they would be identical
r acoustic response to the steam
in terms of how,

rantly different,

with how the standard, the safety

5 connected to the main steam lines,

the acoustic resonance occurred for

Jities unfortunately had to happened
ol at 116 percent power or as Dresden,
wgh it on the way up. So small
would think not make a difference
fference in terms of --

R REMPE: So at some point today, I
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browsed through
slides. But at sg
in what happened
the model that wg
I would like you
the text in the
example, although
and I'm curious.
I'11
later in your pr€

be aware that I'm|

MR. S
wait? We're goin
then -- and I di

but this gentlemar
okay. All right.
MEMBE
want to follow on
about. We learne
BWRs. Have there
what we've learng
that you brought

want to look ther

But T

other areas whereg

Ul

N

N

Cou

(202) 234-4433

me point today,

JARBROUGH:

R BLEY:

21

the backup slides and your main
I am very interested
with Peach Bottom Unit 3, based on
5 developed using Unit 2 data. So
to discuss that, because some o f
eg Guide seems to pertain to that

it doesn't tell me what happened

let you decide when to discuss that

sentation. But I just want you to
interested in that.
Thank you. Why don't we

g to get through this a little and

dn't work on the Peach Bottom one,

| did, and so we can talk about that,

But before you go on, I

what Mike and Dick were asking you

1 a lot from the steam dryers on the

been other places since then where

d there has proved wvaluable, such

up we're thinking about SMRs and we

Fan
A%
.

m just curious if there have been

we've applied what we learned on
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the dryers to oth

MR.

FlaY

interesting, a 1o
issue in their co
in a branch line
of what was causi
or, you know, in
It ty
resonance, and n
course that's wha
was a lot of disc
to vibrate itself
So I
understanding of
and the vibration
MEMBE
problems, if some
MR. S
MEMBE
MR. S
wanted to kind ¢
summary has like f{
analysis procedur

was all contained

Now {

22
er systems?
SCARBROUGH : Well vyou know what's
mg time ago power Palo Verde had an
dlant system, in the weather system
{ and there was a lot of discussion
mg this valve to vibrate downstream
the cooling line.

rned out to be a phenomenon of a
ow we think back and say well of
there

t that was. But at the time,

wssion. What is causing this valve
/ and that's what it was.
think now we have a much quicker

what can happen with the resonance

effects than we did before.

R BLEY: So a place to 1look for
thing odds comes up-?

CARBROUGH : Yes, yes.

R BLEY: Okay, thanks.

CARBROUGH: Okay, so next. I just
f tell you our technical revision

fhree main areas, the prototype, the

¢ and measurement procedures. That
in that slide was.
he prototype definitions. We've
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crunched this doy
make it more clea
of kind, it's uni
call it a wvalid
CVAP, what I cal
service vibratio:
program.

SO ng
can reference 1in
prototype, which
a different size,
could use less in
amount of instrum
the main steam 11
had to use before

This
a steam drier foj
one of the dryerd
called limited pn
instrumentation
steam lines and sy
So that's what a
MEMBE

abou

I'm curious

instrumentation o

Vi

jlust to confirm that

Cou

(202) 234-4433

nH. We have a prototype.

| phenomena,

strumentation.

dntation on the dryer itself,

1 a two unit plant,

R REMPE:

n the steam lines,

23
n to three definitions, to try to

It's first

Nue and it can be validated and I'l1l

prototype if it's completed, it's

| CVAP program with no adverse in-

and NRC accepts the

w it's a wvalid prototype that you

your analysis. It's a limited
would be like the same shape, maybe
some small differences. But you

Maybe use a smaller

Oor use

me instrumentation that what you've

comes into play a lot of times with

where you have
is the prototype and the other is
btotype, and that use much reduced

in the main

ch and the dryer are all consistent.

limited prototype --

This is the example that

t, because again Unit 3 only had

and as opposed to
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Unit 2 at Peach B
to try and justi
didn't instrument
This
and then somethin
see that really
I'm just curious
MR. S
always clarify th
you do it, if vy
prototype and you
are instrument
instrumentation,
as the prototype.
Then
prototype. You'
instrument it mor
MEMBE
to you. I want
decides on the d
and says for one
it's identical to
That's a prototyg

and confirm that

MR. S

24

jttom. What happens if you're going
fy it's a limited prototype? You
it.

is based on what's in the Reg Guide
g unexpected happens, and I didn't
Novered well in the Reg Guide. So
®n what happens.

CARBROUGH: But what we —-- we could
at more. The intent was so that if
du go down the path of a limited
do not, are not able to show which
less

ation or significant

fthat it's following the same pattern

you're -- that's back to a

ve got to -- now you've got to

Fany
Ay
.

R CORRADINI: So can I state it back

o make sure I understand. So who

1J

Hfinition? The applicant comes in
I have a Nordic steam dryer and
my plant-wise identical to Plant X.

>, and the staff would review that

they treat it as a prototype?

Cou

(202) 234-4433
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come in and say ydg
conducted their
experience. It w
MEMBE
Y and it's identi
MR.
would come in an
can classify thij

everything's the

same. The constr
MEMBE
difference Dbetws
prototype? That'
MR. S

could put instrum
instrument the dr
MEMBE
do. I'm asking
bullet versus the
MR. S
in in their appli

right, and the s

it's very similar

agree. You could

because of all of

HCARBROUGH:

1 have a prototype
CVAP program.

G
R CORRADINI: In
cal?

Yes.

$ as
same . The steam
H CORRADINTI:

39 a limited

o

JARBROUGH:

yer at all.
KR CORRADINTI:
how do I know it'

second bullet?

JARBROUGH:

imilarities,

rlassify this as a

the similarities.

NEAL R. GROSS
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il say we think it's --

wction was all the same,

prototype

A limited prototype,

sntation in the steam lines,

25

. They've already

It had operating

as acceptable to the staff.

Plant X and Plant

Now what they

we think we

a limited prototype because

lines are all the
you know.
So that's the

and a

s what I'm struggling with.

you

and not

I understand what you

s under the first

The applicant would come
dation and describe the differences,
and justify that vyes,

and the staff would say yeah, we

limited prototype
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But 1
it that way. So
in a reduced fash

MR. I
a prototype when i

MR. S
prototype 1s thg
limitations and vy
Now you have and
very similar; it'

MR. L

a limited prototy

series?
MR. S
MR. I
prototype?
MR. S
MR. L
same, your dryer'
MR. S
MR.

question as the pi
time. Okay.

(Simu

¥

[

(

d

1

M

7

(

T

(

M

]

H

o

i

Cou

(202) 234-4433

1

HUPOLD: I

26

's applicant's decision to classify
now they're going to instrument it
on.
UPOLD: So but Tom, it's a -- it's
t's the first time it's used, right?
ARBROUGH: 1TIt's a prototype -- the
one that can perform all these
u validate its performance, right.
cher steam dryer let's say that's
in a very similar system --

JPOLD: And that will either be then

pe because it's the second in the

ARBROUGH: Right.

UJPOLD: Or it could even be a non-
IARBROUGH: It could, it could.
JIPOLD: If your system's exactly the

exactly the same.

ARBROUGH: It could, it could. Now

think to answer your

ototype is when it's used the first

| taneous speaking.)

NEAL R. GROSS

R

T REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. L
prototype is when
MR. S
MR. I

dryer A and it's

I'm using dryer Al

just another prot
MEMBE
MR. S
DR. H
bullet there are
and limited protgq
differences have
MR. 9§
difference. They
MEMBE
asking is I forgo
and A is a protf
combination has n
MR. S
MEMBE
normally think w
from what I'm hea
conditions where

prototype. Is th

27
UPOLD: Do I have that correctly? A
it's used the first time.

CARBROUGH: The first time.

UPOLD: I'm in Plant X. I'm using

a prototype. Now I'm in Plant Y,

It's a limited prototype or is it

otype?

R REMPE: It's a limited prototype.
(ARBROUGH: It depends.

AMBRIC: So if I may, on the second

differences between the prototype
type, but you have to prove those

mo impact.

CARBROUGH : Well truly there's no

''re cookie cutter, they're the same.
R STETKAR: What I think they're
T your alphabet soup. Plant X -- X

bptype because it has never, that

kver been used before, okay?
CARBROUGH: Yes.

R STETKAR: Now Y and A, one would
qjuld be a limited prototype. But
ning from you is there might be some

Y and A could be characterized as a

at correct?
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MR. S

MEMBE
conditions?

MR. S

they came in and
but we built our
connected the sa
different.
long, in one set
So the performanc
MEMBE
let me tell you
I'm asking quest]
confused, wunless
not sure what I ¢
I'd say you know,
And
foot off to the 1

inch bigger or sm|

a non-prototype.

I'm sensing still

long as we're cle
CHATIR
I'm not okay wi

document on page

You k

28

CARBROUGH: That's correct.
R STETKAR: Okay. What are those
CARBROUGH : For example, let's say

they said it's an identical plant,
steam lines differently. How we
fety relief wvalves are completely
now, in one set they're eight feet
they're four feet long, the lines.
€ 1s going to be different.

R CORRADINTI:

Okay, that I get. So

why I'm asking the question. When
bns, 1f I'm an applicant I'm still
there's more clarity, because I'm
ome in with. If I was an applicant
that's limited.

bu say well, the steam line's one
eft and this thickness is a quarter
@ller. No, it's not limited. 1It's
You've got to start all over again.
vagary in here, which is okay as
ar about that it's wvague.

MAN SKILLMAN: Well, let me jump in.

Hh it, and here's why. In your

ten,
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you make clear that after the
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prototype has besg

to be acceptable
as a valid protof
the article. It
MR. S
CHATIR
it says "non-prot
the same as the ¥
missing is the cl
and what is a rep
like Dr. Corradin
I can
obscure and in th
step further so 1
with. On pages
words "internals
For
internals 1is 1img
important to safeg
Reg Guide 1.26.
classifications.
that's bolted ins
importance.

We c4g

witness into that

29
n run through the ringer and shown
through the CVAP, it is now anointed
it is

Okay, 1in other words,

ype.
1s the reference.
CARBROUGH:

Right, okay.

MAN SKILLMAN: On your third bullet,
ptype," and it says by golly, it's
relid prototype. My view is what's
arity of what is a wvalid prototype
lica valid prototype. I'm confused
1 is confused. I can be educated.

figure it out, but in my view, it's
ils case words matter. Let me go one
that you can see what I'm confused
9, 12, 38,

40 and 42, you use the

important to safety."

my 50 vyears of nuclear, every
bprtant to safety. None are not
ty. Now I can get carried away in

I can get carried way in quality
But at the end of the day, anything
ilde that reactor vessel has a safety
n say well, we're really over into

kind of a definition. But I think
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the copious word
important to S
prototype, what'g

non-prototype, is
MEMBE
excuse me, Jjust
comments and ther
95 percent of thg
that they were co
So th
the real process
a kind, clearly n
not a prototype.
Now 1
not, and I'm comi
If I come in, it g
a better have a
start making a (¢
Bullet 3, because
MR. S
MEMBE
that provide clar
MR.

message that we'rn

it's not a simple

30

$ used on those pages, internals
afety, combined with what's a
a limited prototype and what's a

confusing.

R CORRADINI: And so just so to --

apply a 1line. I looked at the

U

H were two individuals that had like
o comments, and the sense of it is

mnfused.

1)

Ht's where I'm -- which is to say if
is I come in and it's not first of

it first of a kind. Therefore, it's

have to decide is it limited or
1g in in Plant Y with steam dryer A.
trikes me, hearing this discussion,
discussion with the staff before I
laim that it's under Bullet 2 or
it could be either.

CARBROUGH :

That's correct.

R CORRADINTI: Correct, okay. Does

ity to what's happening?
That's

SCARBROUGH: really the

2 actually trying to make, is that

decision as to when you come in and
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you ——- you're poij
your steam dryer
non-prototype? W
simple question.
getting that mess
MEMBE
prototype, then
testing or any in
MR.
happen, yeah. Bu
there vyet until
differences are.
yes. I mean but
we're quite there
I thi
dual unit site, t
will be their pr
their limited prd
testing of that.
MEMBE
Rempe's question
have to get to th
MEMBE

discussion, that

limited prototype

31

nting to another plant, can you call
4 prototype or limited prototype or
hat should you call it? 1It's not a
That's why we're sending -- really
dge across.

R RICCARDELLA: If it's a non-

7lou don't have to do anything, any

strumentation?

L

HJCARBROUGH:: That 1is what would
t that -- I don't think we're quite
we learn more about what the
Now the other reactor internals,
for steam dryer, I don't -- I don't
yet.

nk typically what you see is for a
hey'll have one of the steam dryers
Ntotype, and the other one will be
totype, and they'll do a lot less

R CORRADINI: That goes back to Dr.

Hbout two versus three in PB. We'll
at.
R REMPE: Before vyou 1leave that

you said well okay, if they fail the

path, well they'll have to put more
NEAL R. GROSS
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instrumentation o
EPUs is that liceq
go back and put mq
it's been operate

I med
you can put the i
and put more inst
Has anyone done t

MR. 9§
they did Vermont
was radioactive,
But they put a I
steam lines.

MEMBE
the lines --

MR. 9§
did that.

MEMBE
Unit 3, but it's
okay, I'll put
radicactive dryer

MR.

F ey

important up froi
units identical,

MEMBE

D

4

Cou

(202) 234-4433

n the dryer.

R REMPE:

R REMPE:

25

nt to decide,

32

My impression from the

fsees aren't going to like having to

re instrumentation on a dryer after

al .

n when you put the replacement in,

nstrumentation on. But to go back

rumentation on after it's operated?

hat?
CARBROUGH:: Yeah. Actually, when
Yankee, they decided -- because it

they beefed up the dryer itself.

ot of instrumentation in the main

Yeah, you can put it on

CARBROUGH: Exactly, right. They

-—-and they did that with

mot so easy to go back and say well

gome more 1instrumentation on the
No.
SICARBROUGH That's why it's wvery

I mean are your two

yvou know because --

R REMPE: And Peach Bottom wasn't.
NEAL R. GROSS
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There were some s
MR. {
discussions with
that they're the
know Dresden. THh
and their design 3
you know a protot
or one can be a 1
For t
Now I want to tal
terms of just that
to make sur

have,

the other unit

prototype, and th
so different they]
in their steam 1i
MEMBE
the question migHh
I could be 2 or 3
screening process
helps me decide
there ought to be
complex screening

under two or I've

Or I

i

B

sl

]

q

I

S

If

I

n

Cou

(202) 234-4433

Hame,

33

nall differences and so --
CARBROUGH: And we've had lots of
licensees in terms of are you sure
and you know, Quad Cities, you
ey would look at their steam lines
nd convince themselves it's either,
'pe. Each one might be a prototype
lmited prototype.

l0ose cases, they were able to do it.
¢ about Peach Bottom, but that's in
is the challenge that the licensees
> that they won't have a failure at
that they decided was a limited
py ended up their steam lines were
had completely different responses
es.
CORRADINT: So then a way to ask
c be if I'm not under Bullet 1 but
is there a screening, a technical
that is offered in the Guide, that
It would seem to me

here I sit?

some first principles or maybe more

process that says I've fallen to
fallen to under three.
m going to wait for Professor
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Hambric to answen
kind of complicat
perturbations whe
there no screenin
discussion? That
MR. 9
good -- I think VY
section, and clan
look at the possi

criteria in this

want this to be c¢

It's
comes across. It
you're in, right

categories to thn
to give them guid
them to take.

MEMBE
process does the
that how they've
actually install
happen?

MR. 9§

When they start {

and talk to us.

34

this, because I know acoustics is
£d, because there's small pressure
re geometry really matters. Or is
¢ criteria and it really comes to a
s what I'm trying to sort out.

CARBROUGH: Right. Well that's a
e should go back and look at this
ify it more right, and then -- and
ility of putting this in screening
we do

section because, you know,

lear, you know.
going to be a challenge and that
s a challenge to decide which group
You know so we went from eight
re, but we still have to make sure
@nce as to what's the best path for
R BLEY: So at what point in the
ipplicant have to convince the staff
done this make sense before they
Where that

the hardware? does

CARBROUGH : Very early, you know.

ninking about an EPU, they come in

I mean they're just thinking about

NEAL R. GROSS
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it, and they have
they come in the
what should they

MEMBE
some analysis or

MR.
steam lines, look
and that sort of

MEMBE
doing analyses ar
your analyses 3
process?

MR. S

MEMBE

use their analysels

MR. S
an analyses to 1d
the shape and see
of just a pure ge

MEMBE
in, you know, lim]
be whether you neg
your analyses, ri

MR. S

it would be a chs

HCARBROUGH:

35

ro decide okay, you know, and before
v've done a lot of thinking about
rall these two dryers --

R BLEY: Which means they've done

done some testing themselves?

And looked at their

D]

#d at how the steam lines are set up
thing.

R RICCARDELLA: I mean they're all
en't they? So I mean don't you use

s part of this decision-making

CARBROUGH: Yeah.

R RICCARDELLA: Wouldn't a utility

Fary
D

JARBROUGH: Right. They probably do
bk to see what the steam lines and
what they have. But also in terms
ometry for the two units.

R RICCARDELLA: And the differences
llted versus non-prototype would just
3d to do instrumentation to validate
ght?
TARBROUGH :

Right. If they came in,

llenge for them to come in and say
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it's a complete n
do anything, righ
for a steam dryer

MEMBE
do any testing an

MR. S
do any. We'wve jug
That would be a
small changes in
difference.

But
prototype could
instrument this di
and the units are
we're going to pu
lines to show thaf
lines are --

MEMBE
itself?

MR. S

MEMBE
something about w|
fail. It fails

steam line don't

MR. S

36
on-prototype and we're not going to
t? That would be quite a challenge
R RICCARDELLA: We're not going to
@ instrumentation?

IARBROUGH: Yeah, we're not going to
c done some analysis and we're done.
challenge because there's so much
geometry and such that can make a
definitely prototype and limited

come 1in and say we're going to
ryer and this other one in the units,
identical the best we can tell, and
t instrumentation on the main steam
] the performance of these two steam

R RICCARDELLA: But not on the dryer

CARBROUGH: Not the dryer itself.
R RICCARDELLA: But then you said
@ll but if it fails that -- I could

Ibecause the instrumentation on the

match your analysis?

Cou

(202) 234-4433
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say that there wjq

instrumentation A

severe Quad Citiels

and we know that

that type of sevelr

Now g
There was a bran
right. And so th
what do we do now]
Quad Cities, put i
that resonance.
they do, which is
up having to do.

So buf

-- go back to thsg

caused this severg

going to Dbe thg
prototype.

You'rg
sure that the perf
that would affect
what your prototyy
But w
We wan

sections.

and revamp these [

37

1s something that they -- for the

f the steam lines, and they found
types of resonances at 150 hertz,
the Quad Cities dryer failed from
e.
omething happened in their lines.
th line they missed or something,
ey've had to go back and say okay,
One, they might even put in like
t in the side branches, to cut down

There might be something like that

what Quad Cities and Dresden ended

they'd have to go back and look at
drawing board and say okay, what
resonance that we didn't think was
That's limited

rre”? where the

> just -- you're checking to make
ormance of the steam lines and such
the dryer are in the same realm as
e was. That would be your goal.

e will go back and look at these

t to make sure that they're clear

sections.
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CHATR
that there is perl
of this document
internals during
pointed out, the

It wa
line, and that
quarters of an in
swaying, and it
fluent system isdg
off the system.

MR. S

CHATR
pendulum was exci

fatigue. 1Is this

system versus the

dryer 1is one pie
pieces in play fo

MR. S

CHATR
instance, as John
dryer A in reactd
of a kind, it's
prototype. It's

behaving complete

38

MAN SKILLMAN: Tom, it seems to me

laps a larger issue here. The title

ils the comprehensive testing for the

start-up. But as you accurately

Palo Verde, it wasn't internals.

4 actually a whistle effect on a RHR
RHR line was moving about three-
¢h, if you recall. It was actually
was also vibrating the RHR right
Llation valve, the number one valve
CARBROUGH: Right.

MAN  SKILLMAN: But that whole
ded and was actually imposing cyclic
really aimed at the reactor coolant
ol internals? For the boilers, the
Ge. We're talking a lot of other
r this document.

CARBROUGH: That's true.
MAN SKILLMAN: I'm wondering if, for
said, you can have reactor X with
r Y with dryer A. One's the first
H prototype. The next is the non-

supposed to be the same but it's

ly differently.
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Reaso
dryer. It has
effect on vyour
peculiar piping 34
effect or some f
exciting maybe th
and other tubes d

So if
pointing to a m
internals.

MR. S
that possibility
discussion that

are different t

phenomena that we

CHAIR
here we are. We
internals and wh

perhaps two absol

dryer, an RSD r

robust. All of uf
fit for duty.
Put i

plant vibrates, i

we say well, it's

39

i It has nothing to do with the
daverything to do with the whistle
main steam safety wvalves or some
iirrangement that 1is causing a rare
brm of acoustical feedback that's
> dryer and maybe the surveillance
own in the reactor vessel.

| seems to me that you're really
uch broader target than Jjust the
and we do mention

CARBROUGH: Yes,

that in the sort of background

nere could be other phenomena that
related to this

ipes of aspects

re talking about, that's true.
MAN SKILLMAN: But words matter, and
re saying here's this things about
it we're really talking about is
utely robust, one design of say a

eplacement steam dryer, extremely

5l would say boy, that thing's really

I in two different plants and in one
n the second plant it doesn't, and

not the RSD.
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the system is cay

this more broadly
MR. S
do that. We coul

could look at thig
in terms of the ¢
trying to pass al

MEMBE

O&M code, the SME

there's some sorf

there?

MR. S
really looking a
valves and snuppq
and this is more
looking at like 1

mean this would b

MEMBE
there's an opg
vibration test on

MR. S

MEMBE

governs that? Is

or —-—

il

(

1

J

i

I

D

i

S

H

(

H

Cou

(202) 234-4433

T
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sing the RSD to do. So why isn't
focused?

ARBROUGH: Uh-huh, yeah. We could
d to that. I mean we could -- we

and see how we make this more broad
uidance and information that we're
ng to the licensees.

RICCARDELLA: But there's also the
operating and maintenance code, and
of an interface with that, isn't

ARBROUGH: Typically, in O&M, we're

operating components, pumps and

rs (phonetic). We're looking at,
looking at -- this is actually more
re-service testing, evaluation. I
 more along that lines rather than
RICCARDELLA:

For a new plant,

rational vibration, a start-up

their piping.

ARBROUGH: Yes, they do.
RICCARDELLA: What effect, what
that -- is there another Reg Guide
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MR. S
Guide. Is it 1.
start-up, and act

make sure that thg
as you know, iy
problem of Quad Ci
failing because o

And s
start-up test pxy
starting the plan
different aspects
looking for vibra
these steam lines

SO weg
those other Reg Gi

MEMBE
answer to Dick's
Reg Guides that ¢

MR. 9
places that we agq
where we actually
really talk abouf
go check that. H
discussions of wh

Guide of this phe

L

Cou

(202) 234-4433

Hides,

R RICCARDELLA:

dd like that.

@at's happening in this,

41

ARBROUGH: Actually, there's a Reg
17 But there's start-up, there's
ually we've added some of this to

y look for things like that, because
ended up Quad Cities, the bigger

ties was their safety relief valves

f this acoustic resonance problem.

0 we've added some guidance in those

bgrams, and so that when they're

t up and they're monitoring lots of

of the plant start-up, that they're

Hion effects in some of these lines,

for their components.
ve added, we've beefed up some of
that guidance in those areas.
So then is that the

questions, 1s that there are other

over the reactor coolant system?

CARBROUGH: There are. There are
But this is a place
talk about the phenomenon. We don't
that. We're just telling them to
ut here actually we're giving them

int his Reg

momenon.
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So we
we might want to
this phenomenon.
you know, like in
that in there. H
give guidance to
are also covered.

Mavybe
broad in terms
specifically tal
portion of it. B

sure that the re

something that
components, rathe
CHAIR

parting shot is w|
the Fukushima {
Recommendation 1,
regs are so compl
way through them.
of what it said o

I use
and I could recal
pieces together,

a cardinal reg

42

have to go back and think about how
make this a broader discussion of
I think this is -- it tends to be,
dernals. So I think we have to keep

ut I think we could look at how we

the licensees for other areas that

there's a way we could make it more
Nf how overall, but then this 1is

king about the reactor internals
ut in terms of the phenomenon, make
nders know that the phenomenon is
could affect a lot of other
r than just reactor internals.

MAN SKILLMAN: Well, I guess my
ords matter, and if you recall when
fask force sent out its first
its first Recommendation 1 was the
icated, it's so hard to work one's
I'm paraphrasing, but that's kind
r what was written there.

d to be a user of these reg guides,
I just straining to try to put the
and here is what I'm going to call
that

guide for we've

NEAL R. GROSS
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learned 1in the 1ij
very careful with

It s4g
really get this d
internals on a boi
in a P, a big P, 3
other machine tha

The
approximately th¢g
this is written (¢
get it. And so
careful here.

MR. S
was to take our s
have of the peopl
years, and get i
staff, who's go
applicants and thd
it.

So if]
clear and more us

CHATIR
has a preponderan

dryers and boilirn

at least from my

Cou

(202) 234-4433

ol small P,

CARBROUGH:

t —_

1ng to

eful yeah, yeah.

MAN SKILLMAN:

43

ndustry is one that we must be very,

eéms that this is an opportunity to

ne right. It's more than Jjust the

ling water reactor. It is internals

a small P, an SMR and any

t we put together.

phenomenon, the phenomena are

same, and how we write this, how

Aan guide users to, if you will, to

you know, we've got to be mighty

Right, right. Our goal

drt of collective knowledge that we

e working on this problem for many
get this guidance out to the
and the

come behind us

licensees who are going to be using

there's a way we can make it more
I'm all for that.

It just seems like it

de of guidance for replacement steam

g water reactors, when in reality,

perspective, there's a whole 1lot
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more at play than
agree with that,

affected by this

Y

MR.
Good, thank you.
that and see how
CHATIR
the term internal
MR. S
page numbers. We
CHATIR
I read that. WH

Aren't all intera

to safety?
MR. S
CHATR
quality classific
MR. S
CHATIR

think all interna

MR. S
that term and ma
agree. I think

important to saf

reactor.

44

just that, and that's important. I
fhat there's more than that, that is
revision.
SCARBROUGH : Right, right. Okay.
We'll go back and we'll think about
we could look at that.

MAN SKILLMAN: Please take a look at
s important to the safety.

CARBROUGH : Yes. I wrote down the
re going to back --

MAN SKILLMAN: And I think, at least
y 1s that distinction being made?
mls practically speaking,

important

CARBROUGH: Yes.

MAN SKILLMAN: This 1is not about
ation.

CARBROUGH: Right.

MAN SKILLMAN: TIt's a broad term. I

ls are important to safety.

CARBROUGH: We will do a search on

Kle sure that it's clear, because I

if it's a reactor internal, 1it's

ety for some reason 1inside the
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CHATR
are P's where int
P's, and that is 4
pieces. If it's
have a double or
core barrel out pj
deep, and you've (¢

that you've got t

the broken part o

affected by vibra
MR. 9§
This is all good

will work on thadf|

discussion. I'm
Hambric.

CHATR
ahead.

MEMBE
want to ask youn
passed. So is thg
in other
important, or is
that it's more a

DR. H

they do on Navy r

industzr

45

MAN SKILLMAN: Consider where there

krnals have fallen apart. Not P's,
terrible job to retrieve the broken
outside the core barrel, then you
triple problem because pulling the
nobably taller than the fuel pool is
jot some serious radiological issues
b contend with to finally get into

f the internals. They are normally

tion.
CARBROUGH: Right, right. Great.
feedback. Thank you so much. We

So basically that was it for my

now going to turn it over to Dr.

MAN SKILLMAN: Steve welcome. Go

R CORRADINI: So since you're up, I
opinion about the slide we Jjust
dre a screening process that is used
what 1s or isn't

ies to decide

1t really so geometrically dependent

matter of the discussion?
[AMBRIC: I could go back to what

eactors.
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MEMBE

DR.
specific --

MEMBE
out loud.

DR. H

to each applicati
of screening. B
it's just Jjumps &
more rigorous th
plant.

We ha
you had. This ifd
is a reactor intg
steam dryer exa
lessons learned
years.

We 1
prototype, non-pr
into here's how vy
or not tried to n
talked about tryi
It's like how do y

internal?

You (@

46
R CORRADINI: Okay.

HAMBRIC: And there it 1s very

R CORRADINI: As long as you say it

AMBRIC: Sure. There, it's specific
dn. Every component has its own set
1wt any time they change anything,
ack to prototype, and they're much

ain in a commercial nuclear power

d struggled with exactly the comment
n't a steam dryer reg guide. This
srnals reg guide. We use a lot of

mples, Dbecause that's where our

have come from over the past ten
limited

doked at the prototype,

ototype. We didn't want to turn it
ou do it for dryers. We believe it
mke it more generic than that, and

mg to put a decision tree in there.

bu do that for every type of reactor

Cou
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an't, and we'll go back and think
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about it. Maybe

together some thi

you know, flow r
things like that,
I think we can co
put in a decision
It wi
also went through
locations. The s{
basis, because we
don't know if tha
MEMBE
the concerns are
reg guide, that i
I think or someth
about, regardles
guidance to the ij

That'

you're walking tf

and I as two 1

different conclusg
about the level o
them because this
exist some years

that.

47

there's a generic way we can put

ngs for an applicant to consider,

11

Htes and geometric differences and
drop frequencies on the machinery.
me up with a few things that we can
tree like that.

L1 be a guideline, and I think we
great pains to put in there several
daff will evaluate on a case-by-case
can't turn this into a spec. So I
t's a helpful comment or not.

R STETKAR: Well, I think some of
1that —-- you read the history of this
Lt was 30 years between Rev 2 and 3

iing 1like that. So you have to think

1]

i of what vyou say that this is

ndustry; it's guidance to the staff.

Y

s what it's written for, and if
e staff into a position where you
esponsible reviewers would reach
ions for two different applicants
f rigor that needs to be applied to
is musky and you exist today and I

from now, then we ought not to do
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We d
engineering-speci
some latitude. B
they'll be a naty
ratchet people i
that's some of my
out for the revig
it's always bette
put on more instr

So a
characterized it
principles or thi
differences may m
those issues, it

DR.

==

slide puts some m
we've added to th
had the term "}
that's really wheg
we understand tha
learning things
reviews.

But b

flow over, across

and there are

48

dn't need necessarily, vyou know,
fic criteria, which there has to be
wt if there's so much latitude that
iral tendency of staff reviewers to
Nlto doing more and more and more,
concern, because it's the easy path
Hwer and of course, well you know,
n to have people do more testing and
umentation.

1 least

some, 1if the way vyou've

as guidance, vyou know, Dbased on
ngs that -- where we know that the
Hke a difference, to focus people on
might help.
IAMBRIC: Right, right. So this
dre definitions behind the new terms
le Reg Guide. Before in Rev 3, we
v, " flow-induced vibration, and
re most of the focus was. I think
t pretty well, although we're still
reactor

as we proceed with new

]

Hsically the idea is you have fluent
| through some sort of a component,

dertain special flow that
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coincide with thsg

response. If thg
resonance, then ¥y
excitation. So w

But s
in nature, and t

Cities and is cor
today. You've ¢

really a resonan

opening and it
strong.

But 1
that, and maybe a

to that and they
have an acousticsg
flow-induced and
combined and that
and all of that d
sort of a respons

And t
we have been spe
several years 1lodg
excitation, and t

only in the drivdg

the vein passing

J

Cou
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sort of

hen it doesn't happen as often,
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dimensions that give you a strong
t also happens to line up with the

bpu've get a big response and a big

e call that FIV.

pmetimes that response is acoustic

lat's really what happened in Quad

tinuing to happen in some reactors

ot that flow resonance, but it's

e associated with a flow over an

self-reinforces, 1t gets

f you have an acoustic mode next to

mother acoustic mode in a pipe next

happen to be resonating, then you

l1ly-induced vibration issue. It's
acoustically-induced, so they're
's where acoustic pulsation theory

ome into play in an analysis, that

Fan
A%
.

but

nding a lot of time over the past

king at reactor recirculation pump

lose are strong tones that occur not

frequency but more importantly at

frequency,
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(phonetic) veins
When
dryers, and again
but we used that
a bunch of datg
frequency. Why d
passing frequency
MALE
DR. H
of the reactor 7
about that, and tf
surprised to see
failure back on f
a vein passing fr
So th
kind of gone bad
comments was it
frequency. Some
Since that point
pretty regularly,
accounted for.
MEMBE
to you again so

flow-induced. S

geometry.

50

multiplied by the drive frequency.

we first started looking at these
this isn't just a dryer reg guide
as our example,

they would acquire

)| and say oh, we took out this

ild you do that? Oh, that's the vein

We don't care about that.

L

JPEAKER: That's the what frequency?

AMBRIC: The vein passing frequency
e¢circulation pump. We don't care
len we reviewed Susqguehanna and were
fhat the first time they had a dryer
nat in the 80's, they blamed it on
equency.

ere are plenty of -- the industry's
k and forth on that. One of the
wasn't necessarily a vein passing
of it might have contributed, fine.
| we've been looking at the pumps
to make sure that those tones are
R CORRADINI: So let me say it back
The FIV 1is

1 make sure I got it.

3d row V squared over some strange
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DR. H
that "some strang
MEMBE
second bullet, is
going at the spee
could reinforce?
DR.
identical and the
MEMBE
each other. The
equipment that es
DR. H
MEMBE
something such
forcing function
DR. H
MEMBE
with acoustic way
propagation of th
system?
DR. H
combination of
application.

MEMBE

don't have a piecd

Ir

Cou
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AMBRIC:
€ geometry"

R CORRADINI:

HAMBRIC:

R CORRADINI:

sentially creates a

AMBRIC:

R CORRADINI:

Hs that that is

AMBRIC:

R CORRADINI:

AMBRIC:

R CORRADINI:

51

With a non-linear term in
remark.
The

Sure, sure.

that coupled with something that's

@ of sound and the unusual geometry

Okay.

Those frequencies are

v reinforce each other.

And they reinforce
third one is a mechanical piece of
(sound) .

Faster than that, but yeah.
but

Faster than that,

essentially the

that would cause the third bullet?

Uh-huh.
But not interwoven

es or flow? It's just strictly a

@t mechanical vibration through the

We have worried about the

all three, a fairly recent

But the other two

of mechanical equipment. The third
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one is clearly sof
a piece of mechan
MEMBE
characterize that
guess I'm —--
DR. H
MEMBE
passing frequenci
DR. H
call that collato
can propagate aco
look at the path
a lot more tortuy
there are a lot mg
path where they cg
structurally it ¢
MEMBE
pressure pulses i
DR. H
pressure pulsatig
necessarily up if
acoustic volume o
MEMBE
DR. H

in fact applicant

52

e —— you have a forcing function by
ical equipment.

H RICCARDELLA: Yes. You
as structure boom (phonetic). I
AMBRIC: It can be both.
R RICCARDELLA: And I though wvein
es could be flow formed as well?

It could be both.

AMBRIC: But we

mechanical (phonetic) source and it

wstically and structurally. If you
that it takes to an internal, it's
bus to get there acoustically and
re locations along the transmission
n be a really big attenuation, where
ould just get anywhere.

R CORRADINI: But isn't that putting
m the fluid,

the vein?

IAMBRIC: It is, but it's putting
ns in the recirculation fluid, not

N the steam lines or into the RPV

R CORRADINI: Ah, okay, okay.

AMBRIC: So we've looked at both and

I

4 just go ahead and leave the signal
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in their acoustic
the forces througq

the forces to thqg

the excitation £

conservative wayg
that's become roy
pump MIV excitati
MEMBE
always make odd n
DR. H
MEMBE
So they -- well,
each other out.
DR. H
inflow you have.
on the inflow and
you want an odd ni
one of the major
spell all those p
a lot more rigoro
All r
outline of the Re
subheadings throu
of analysis procd

hydraulic and acol

53

part, but they also will propagate

jh the piping, into the RPV, apply
mounts of any internals, see what
orces are, try to come up with
of estimating the response. So

tine now, that they'll assess that
on .

R RICCARDELLA: That's why vyou
umbers of veins isn't it?

AMBRIC: Historically.
R RICCARDELLA: So they interact.

I was going to say so they cancel
AMBRIC: Well, it depends on what
So if you've got a bunch of struts
you have an even number of struts,
imber of spinning blades. So that's
¢thanges in the Reg Guide, is we now
leces out a little more rigorously,
usly.
ight. So this is just literally an
j§ Guide, and these are the headings,
ghout. This first slide is a block
dures.

It talks about structural,

Istical modeling. Three sub-bullets
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there, the mode
important.

Struc
important. We arg

what appropriate
then something we
you know,
functional freque
And t
hard part is the
best we could to
as we could. Bu
that that doesn
them. Any new plda
all the potential
There
we're listing her
have the flow ex
applicants have 1
emulate that or 9
on that which we'
CFD,
lot more use of
So we

functions.

MEMBE

how ft

]

1

if

q

¥

i

i

1

I

Cou

(202) 234-4433
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of wvibration. That's pretty

rural dampening, also extremely

ue to this day with applicants about
and

dampening levels ought to be,

call frequency response functions,

he overall system responds, the
icy to a given drive.
at's actually the easier part. The

forcing functions, and we did the
come up with as an exhaustive list
we also stressed in the write-up
£t guarantee you've caught all of
nt, any new internal has to consider

forcing functions.

may be others besides just the ones

1%

These are just examples. So we

itation or the feedback. Several
sed scale model testing to try to
imulate that. So we have guidance
|1 get to.

the future may or may not involve a
CFD for determining these forcing

give guidance on that.

CORRADINT:
NEAL R. GROSS

So can I stop you
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there?
DR. H
MEMBE
most of the time
gas, and I'm goin
it versus wanting
of scale model te
would you, you kn
I'm a
it gets to be I n€
Is it complex geq
when you're pressg
you start doubtirn
shown to have maf
to an experiment
I fin
hard. So that's
of your examples
there's something
DR.
question. I've m|
we do is go throu
might be in a bet

MEMBE

DR.

==l

55

AMBRIC: Yeah.

IR CORRADINI: So I'm in single phase
| and whether it be a liquid or a
y to do a CFD. Where do you believe
to validate it based on some sort
sting or extrapolation? That 1is,
ow what I'm asking?
4king where does the belief stop and
e¢d some sort of scale model testing?
metries? Is it -- what is the --
nting something to review, when do
g what's calculated versus what is
ched an experiment, or worse tuned
@and then extrapolated?
d that -- for me, I find it very
why I'm curious, particularly a lot
ire single phase examples. So maybe
there that I don't.
HAMBRIC: So I understand your
@de a note of it. What I'd suggest
jh some of the lessons learned so we
ter position to talk about that.
R CORRADINTI:

Right, thank you.

IAMBRIC :
NEAL R. GROSS
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question. Actual
maybe part of the
applicants fairly
use inference a
effective forces
intentions, thing
Analy
give us unexpecte
B and work with
constructive and
issue. Then ther
this is also gett
we proving th
conservative, and
make sure the pro
So it
that you know 1is
long as you can
that is much chea
coupled CFD n
unreasonable to e
But 4
to us things are (¢

to—-end benchmarki

fair bit of detai

N

I

D

Cou
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pproaches to

$ES

d results.

@appropriate.

ing to what you're asking.

Bt the

prove that to us.

56

Ly, the fourth sub-bullet there is

answer to that question. We'wve had

recently with PB-2 and PB-3 have to

back out what the

@dctually were when in spite of best

$ go wrong.

weren't right, measurements
We have to go to a Plan
the applicant on making sure it's
And then the RP force
c's a section on benchmarking. So
How are

indeed

procedures are

to make the key point here, it's to
edures are conservative, not right.
s perfectly okay to do an analysis
but it's conservative, as

wrong,

In some cases,

wer and easier to do than a full-on

echanical response, which is

xpect of all our applicants.

very powerful approach to proving
kay is something we're calling end-

ng. So we'll talk about that in

1. When we first started all this,
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there was a lot
by SSR and now we

to end-to-end, jus

the procedures arjg

And th
have gone through

Stress convergendd

It's hard to provg

talk

[da)

about way
concentrations arg

And 4
are our acceptancg
and we start meag
you're okay

YES,

evaluate more rigg

on pre-operationall

So of
important one, h(
Going into a lot ¢
years, we've had {
the pants measurer
because the reg g
guidance on that.

So wel

to bring out a 1

57

f piecemeal benchmarking, combined
ve hopefully in the future switched
t to really give us confidence that
> conservative.

en —-- and even though everything we

maybe proved to be conservative,

> is always sort of the last step.

1%

that with measurements, and so we

of making sure that stress
» properly handled.

nhen the final issue there is what
e criteria? We turn the thing on
uring things. How do we determine
versus no, you need to go back and
rously? And then finally a section
and testing analysis.

1, and I left one out, a very
w you can make the measurements.
f our reviews over the past several
o evaluate a lot of sort of seat of
ent procedures, and part of that is

1ide did not give a lot of detailed

ve tried to correct for that, tried

ot of in-plant measurement issues
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we've discovered
applicants and fy
look for. Tried
documentation pld4
extension, accept
Final
procedures, there

sure that there

guidance for what

All
prototypes, and t
lot of stuff.

measurement, ben
limited non-protg
bit.

Presu
proven it (a) cf
response variatio
B is exactly the
uncertainty stack]

So th
don't have to be
instrumentation,
instrumentation f

these sections we

58

over the years, Jjust so that future

ture staff evaluators know what to

to make sure that there's a decent
n there for instrumentation, power
ance criteria, test duration.

1y, in spite of all of these

has to be inspections, just to make
Wwas no whoops somewhere. We give

criteria need to be looked at.

right. All of that was for

hat's a tall hurdle and there's a

They have to do their analysis,

rhmarking. But when it comes to

type, the bar gets lowered quite a

mably if either a limited prototype

fanges your system, lead to minor

ns or it's cookie cutter plan. Plan
same as Plan A, subject to whatever
ups we have.

2y 're much simplified. The analyses
4s rigorous measurements, much less
almost not

in some cases

br non-prototype. But in both of

point out that hey guys, we've been
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there before. Wh
may not be. It ¢
with FIV, MIV or
things on a ¢
experience.

CHATIR
up. Let's consid
what I believe to
I need to do anyth
You really do, a
Well, where dog
regulations. I'm|

But s
required, I say I
to do. I'm exact]
I think the Reg G

I kin
the same flow rat
I've got virtuall
same fuel, I've (
on my recirculati
more?

DR. H
do --

let me say]

would say we thi

59

At you may think is a minor change
ould lead to some sort of an issue
ATV and we have to look at these

basis based on our

)

se-by-case

MAN SKILLMAN: All right, let's back
cer that the plant says I really am
be a non-prototype, so I don't think
ing. You say no, not so fast there.
md I say I'm following the rules.
Hs that leave me? I'm following
following the guidance, I got it.

ince it isn't a regulation, it isn't
m doing what the Reg Guide told me
lly where John was saying, doing what
wide guided me to do.
d of look like them. 1I've got about
k. TI've got the same rugged dryer.
Vv the same internals. I've got the
ot the same vein passing frequency
on pumps. Why are you making me do
AMBRIC: Well, I think what we would
it again.

When they come in and

mk this is a non-prototype,

NEAL R. GROSS

we go
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through all the tl
we'd also talk 4
Are your steam 11
were constructed?
Were
exact same fashi

these questions.

show that yes, it

you couldn't be mg

right.

We ca
same. You have {
know, builders c4d

exactly the same
of welding the st
steam lines. Eve
We'd
that's different,
plant out there ir
differently, that
we might do is wse
not quite there,
But w

of a limited prot

steam lines perf

R

L

Cou

(202) 234-4433

Nings you've just talked about.

jn as the other plant,

n't find anything.

kam line,

type,

60

But

bout what about your steam lines.

nes identical in terms of how they

the branch lines all attached in the

and all of
If they can come back and they can
It was 1like

's exactly the same.

re exact, then we'd say yeah, you're

Everything's the

he same contractors, the same, you
me in and built these steam lines
way . They used the same technique

the branch lines onto the

rything's identical.

say yeah, we can't find anything

right. But so far, because every

the United States is built a little
Now what

s a hard thing to prove.

might say yeah, we don't -- we're

mon-prototype.

e think this is a pretty clear case

and if you can show that your

nrm in a similar or at least less
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resonance phenome
calling this a 1i
CHATIR
until I operate t
DR. H
EPU. Yes, you wo]
it was an EPU, ¥
could put those s
and show that it
that now with Qua
Where
peaks in terms or
they put in thein
like flat. There
can see it and t
able to from the p
plant, that it's
Now f
ESBWR design cer
says that once yol
going to do a St
that, and they'rs
possible way to
going on with th

right, and they H

61

mon than your prototype, yeah we're

mited prototype.

MAN SKILLMAN: But I won't know that
he plant.
AMBRIC: For, for, for, this is for

11d have to do an EPU. You know, if
bpu'd be operating the plant. You
feam lines in as they were operating
S very quiet, because you can see
@ Cities and Dresden.

as before you saw these significant
their main steam lines, and after
acoustic side branches, they were
was like nothing going on. So you
hat sort of thing. So you may be
lant operating, if it's an operating
that way.

br —-— now what we've done with the
tification, there's an ITAAC that
1 build the plant and you -- they're
ruhold (phonetic) analysis to show
§ going to build it the wvery best
show that there's no sheer issues

kse —-- with the main steam lines,

ipve ITAAC to demonstrate that once
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they start the

through, that ths
-—- that the phen
resonance that's
So th
they show that th
first would be Fs
another plant, ¢t
exact same thing
going to build it
the same analysi
would be a non-pr
So I
yeah, we probably
right now with t
plants, they alwa
differences in
constructed, beca
there are so man
over that time.
But 4
They would come i
this is typically
They come in and

when we think abd

62

plant up and start running steam

y would demonstrate that they have
there 1is no acoustic

omenon 1s -—--—

dccurring in those steam lines.

D

gy could do it that way, and then if

ere isn't any, the next plant, like
rmi and then the next one would be
ey could say yes, we've done the
as we did with Fermi 3, and we're
the same way and we're going to do
§ the same way, and we think that
ototype.

think at that point we would say
can go along with that, right. But
le current fleet of U.S. operating
vs seem to have some, at least some

4

terms of how the plants were
lise it's a long period of time and

y different things that can happen

hat's -- it would be a discussion.
1 and say this is what we think, and
what happens with EPUs right now.
they say this is what we think, and

ut it,
NEAL R. GROSS

we gave them some questions
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and such and they

And s
batt and they'll
we just think thaj
go and, you know,
we have back and
agreement as to |
effective way to
the Reg Guide.

MEMBE
little bit differ
on, you can hold 1
telling us that t
try to be general
dryers.

So th
it essentially Jjuy
and the high vs
combined with es
robustness, in te
They
and there's other
worry about or cof

see the forced vsg

are much more ro

63

go back and think about it.

dmetimes they come in right off the
say we're going to do this, because
's a more conservative, safe way to
that's -- it's usually a discussion
forth with them, to come with some
hat's the best most efficient and
try to accommodate the guidance in
R CORRADINT: So might I ask a
ent question, but if you need to go
e on. Where you may get a point of

his is not just for dryers, and you

but all your examples come back to

&n from a technical standpoint, is
st the combination of the pressure
that,

locities that drive me to

gentially the dryers in terms of
tms of rigidity of the structure?

tend to be on the outlying region
pieces of internals that we would
H1d worry about, but they just don't
the inertial effects and

sllocities,

bust in size.
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back to these exs
same structures.
those characteris
DR. H
getting back to j
thing. So SONGS i
bad happened the
induced vibration
I think we're th
different reg gui

the line.

But 4

that maybe indire

that experience.

SONGS we did thisl|

another area we
specific example
that's the LOCA 1
jet coming out of
structure.

You'v|

So some of the CF

that run up in hsd
about that. So t}

ways to do a co

V

N

Cou

(202) 234-4433

mples,

AMBRIC:

mservative assessment.

64
and they all tend to be the

So what is it? Is it strictly that,

tics?

We had other examples, but

our comment, this was an internals

5 a prime example, right. Something
ne, there was a surprise in flow-
| fatigue, rubbing. We left it out.

iinking about maybe putting it in a

dle or other guidance somewhere down

here were a lot of lessons learned

ctly made it into here because of
We don't call it out, because of

But we thought about it. I guess

dhought about but didn't include a

is the drawback on the 362, and

ssue and what happens if you have a

a break that's impinging on nearby

¢ get a lock in there too sometimes.

D stuff and forcing function stuff

re, that came from lessons learned

e industry came up with some clever

It wasn't
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right, but it was
about how to put
MEMBE

remember that we

the context of ES
DR. H
some guidance. W

AREVA, the EPR, 4
ways of going abo
Different one, bu
went into the fo
somewhat inspired

But w
the example. So
was, you know, th

MEMBE

DR.

[

certainly put the

MEMBE
coming to it you
the 1long control
guessing that hig
the mass flux is ]
and the robustnes

you to cough that

65

ronservative, and we sort of thought
that in --
R CORRADINTI: And this was -- I

Halked about this, but was it within

BWR, 1f memory serves me?
AMBRIC: We had ESBWR. That gave us
c also had the ABWR I believe from

iInd everybody had sort of different
ut it. But it was a lock-in issue.
t I think some of the thoughts that
rcing function part were at least
by that.

2 didn't want to call that out as
the example that we could call out
¢ dryer experience.

R CORRADINTI:

Okay, thank you.

JAMBRIC: And if we had one, we

m in.

R CORRADINI: So again, if you're

hold me off. I'm still back with

rod drives in an SMR, and I'm
h density, much lower velocity. So

pwer, but maybe it's just the length

1]

4 of the structures that are leading

out?
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DR. |
done before. I d
into here without
MEMBE
DR. H
with moving ma
conditions, resor
heights, flows th

It hasn't been e

done the calculat

them, it's a concsg

issue, that's all
MEMBE
DR. H
application comes
like .01 meters j
fine. But until
CHATIR
question or raise
the

SONGS steam

generators have
prototype or a 1
thought for a min

definitions.

MEMBE

[

¢

N

L

h

|

Cou
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R CORRADINI:
AMBRIC:

HSeS on

R CORRADINI:

der second.

we see that,

MAN SKILLMAN:

wte,

R RICCARDELLA:

66

AMBRIC: Right. It's never been
n't know how much detail I can get
getting proprietary.

That's fine.

But you've got long beams
them,

varying boundary

ances changing depending on their

Ht are coming from Lord knows where.

raluated, and we certainly haven't

ions ourselves. But until we see

rn. We just raise it as a potential

Okay.
AMBRIC: And it could be when an
in they say hey, the flow rates are
We don't care. Okay,
we don't know.

Since we raised the

d the issue at least in my mind, for

generator, would the replacement

been a prototype or a limited

pn-prototype? Just entertain the
think about i1t, based on these

And plus there were
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two of them, and

because of some
differences, as I
one of them be g
prototype? That'
(Simu
MEMBE
the thing. If w
got a language W
seems. I'm back
a fundamental doc
my mind.

Okay,
(phonetic) refers
have some SCOLs,
100 percent ident
going to call tho

Are g
and 1f the FO8K ¢
prototypes that d
that that's what 1

Does that make se

DR.

fu—

going to go back

more clear.

]

i

H

(17

[

1

I

Cou
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A

on't need anything?

JAMBRIC:

ind look at that,

67
they behaved extremely different
very minor

very, manufacturing

understand it. So you know, would

prototype and one of them a non-
the thing.

| taneous speaking.)

that's

RICCARDELLA: It seems --

can tie that down, I think we've

P can agree on, as crazy as that

o words matter. They really do in

mment like this, I kind of think in

we're going to have an RCOL

nce plant and then we're going to

and if all the SCOLs are absolutely

ical down to the millimeter, we're

se limited prototypes?

ney going to be knockoffs of FO8K
ne well, they're going to be wvalid

It seems to me

~reds to be addressed in these terms.

mse-?

Yes. We're definitely

and try to make it
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MEMBEH

68

RICCARDELLA: But these

requirements don'|t apply to steam generators right,

and 1f there wgre, I

requirements, hopefully might have

They've had soms

mean 1f there were such

been avoided.

instrumentation in there and it

affected the excelgsive vibration shortly.

DR. HAMBRIC:

MEMBEH

it should be, but

Right.
RICCARDELLA: I'm not suggesting

I just --

(Off mic comments.)

CHATRMNMAN SKILLMAN:
comment here Jjust
understand you negd to

DR. HAMBRIC:

but yeah.

CHAIRNAN SKILLMAN:

Let me make an admin

for a second. Dr. Hambric, I
exit at 1500 or 3:00 p.m.
I can squeeze it to 3:15,

Okay. I just wanted

my colleagues to [know that you do have a time clock,

and 1f we want to

or vibration or |

NIV or MIV,

entertain these questions about CSD

we should get those on

the table before [your exit time.

DR. HAMBRIC:

pretty good notes

Yeah. I've been keeping

here, so that we can come back to

a lot of the quesftions --

CHAIRMAN SKILLMAN:

let's continue.

Thank vyou. Okay,
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MALE

that we answer th

could answer that

Great, thank you.
DR. H
through some of t
these, but the nej
lessons learned,
highlights. Then
we thought were t
a lot of the topi
So I
Let me -- before
theme we use for ¢
So up at the top
first one is on e
of the bullets o
learned or the obj
SO wg
then the arrows
took, right, the
Guide to address
So that's the pr

have to go throu

become clear.

I

§

A

i

N

D|

Cou

(202) 234-4433

he most important,

in blue we've got a topic.

xcitation mechanisms,

down below are

pcedure,

69

SPEAKER: And we want to make sure
> question on Peach Bottom. If you
before you have to leave. Okay.

A\MBRIC: We'll get to them as we go

lese. So I'm not going to read all
t big block of slides is a specific
and what we're giving you are the
but these are the ones

e adare more,

and they address

¢ts we've been talking about.

just going to go to the next slide.
go through this one, introduce the
ich of these lessons learned slides.

So this

and then each

n the top are the lessons that we

ervations that we have made, right.

've got three of them there, and
the actions that we
modifications we made to the Reg
our lessons or observations made.

i1f that makes sense. We

gh a couple of them and that will
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But
excitation mechan
Guide it was all 1
but it wasn't ter
address that. W
experience with tl
main steam line v

And t
there was an RRP
pass-through fre
contributed to soj
areas down below
started off by if
a FIV.

We ad
We specifically c
oscillation modes
the line. He's
out that you get g
—-— had not been ¢

The 1
meant to be, you
look for. But ong

dryer community h

frequency vibrati

70

first is just the important
ilsms to consider, and in the old Reg
IV and it was I think okay writing,
nibly well defined. So we wanted to
€ also had a lot more operational
le resonances that we've observed on
@lves and elsewhere.

ne Susquehanna experience, that hey,
vein

| reactor recirculation pump,

juency, excitation, that may have

e fatigqgue cracking. So each of the
are the actions we took. So we
Itroducing the mechanisms more than
ded acoustic resonances, AIV, MIV.
§1lled out to the flow excitation the
| the sheer layer. Samir Ziada's on
jur expert there. We also pointed
b resonances in MISVs, which haven't
onsidered previously.

It wasn't

@ast was just an example.

know, something you always have to

1

§ of the big problems that the steam
Hs had in properly capturing the low

bn and stresses in the skirt. We
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Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

kind of looked a

excitation and on

take skirt, you
water.

None
functions, and I

it has to be addrdg

it is via this en

I'll talk about 13

It wasn't meant t

had to look forws

confronted with

modified internal

We ha

about all the poss

you. So any qus
we're doing it?
SO 7
structural modeli]
one is just looki
lesson is not a sy
in structural m
shapes to modele

there are always

The f

|

o]

il

Cou

(202) 234-4433

Jon't know how you consider it.

§ be a forcing function.

ndes

71

t the ways they were modeling the
8¢ important one left out is when you

dJunk it in a big bucket of boiling

of that's considered in the forcing

But

ssed somehow, and the way we address

d-to-end benchmarking approach that

ter on. So that's just the example.
You always
rd, just an example of how we were

i new internal or a dramatically

d to think outside the box and think

ible functions that might influence

stions on that first slide or how

ow we've got three slides on

ng lessons learned, and the first
ng at modes of vibration, and this
rprise. Anybody that's ever worked

and comparing measured mode

] or analytic mode shapes knows that

differences.

requencies are different between a
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measurement and 4
be a little bit di
the model. That
really have to be
how you model res(

You
frequency. So yol
plus or minus. Sg
and we've been dof
that any forcing
internal, to accof
of resonances hg
function has to Dbg

So 1if
you've got to makg
it, or stretch i
down, and have se
compressing so tft
functions to your

By st
making sure that

comminations of

response. So  y(d

Il

forcing functionf

pulling out the wq

$ uncertainty in it,

72

model. The shapes themselves can
fferent between the measurement and
s just reality. Those differences
used to establish an uncertainty in
nance frequencies.

build a model and vyou get a
1 have to realize that that's got a
the action that we're taking there,
ing this for over ten years now, is
function that's applied to an
int for the fact that a modeled set
the forcing
> either compressed.

you think about a time series,
it shorter so the frequencies move
so that all the frequencies move
veral increments of stretching and
1at you're applying those forcing
analytic or numerical model.
retching and compressing, vyou're
you're coming up with worse case
functions and

forcing resonance

u're sort of aligning your peak

with vyour peak responses, and

rse case response as a conservative
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estimate.

We Jju
percent. It
applications, but
criterion. It if
past. You guys
minus ten percent

It md
is required, deper

The second action

Peach Bottom, and

So I can try to $

proprietary but -

MEMBE
analogy, 1f I remgq
but I'll probabl
proprietary. Bu
approach that you

this comparison,

DR. H
we'll see if that
the Dback, and he

proprietary and S

or is still the 1l¢g

73

st threw in there plus or minus ten

has been acceptable in past
that is not a specific acceptance
hey, this is what's worked in the
meed to tell us that yes, plus or
is okay for your application.

Yy be that plus or minus 15 percent
nding on their particular structure.
we took is addressing essentially
that's force inference procedures.
peak to Peach Bottom without going
This 1is

R  CORRADINTI: microphone

tmber. I don't want to say too much,

y get it wrong, so 1t can't be

I I seem to remember this is the
explained to us when we were doing
in terms of the methodology. Am T
AMBRIC: Let me talk it through, and
matches up or not. So (name) is in
11 raise his hand if I'm getting
But he was the lead on --

Lop me.

rd on Peach Bottom, although I think
NEAL R. GROSS
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(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

we've tied it off

In
analyses, measure
on with the rep
instrumentation
discovered that t]
criteria.

After
scratching, they
we're not sure
overly conservati
a drive we just X
to fatigue fail.
to 1it.

The 4
strain measuremen
strengths now, 4
computed mode sha

MEMBE

computed what?

DR. H
MEMBE
DR. |

model. We've ext

this structure ig

n
O

b

L

Cou

(202) 234-4433

lacement drive and all this

s on the dryer.

R BLEY:

nacted the mode shapes.

74

pite of all  best intentions,

ments, when they turned Peach Bottom

nice

aind measured the strains, they

le strains were above the acceptance

a lot of soul-searching and head
came back to us and said you know,

ny. We think our methodology is

ve. We do not believe this tank of

uilt and installed is really going

Let's suggest a different approach

pproach was let's use all of our
These are measured

nd combine them with numerically

pes for the model.

I'm sorry. Numerically

AMBRIC: Mode shapes.
R BLEY: Mode shapes.
IIAMBRIC: Right. So we've got a

We know how

vibrating. We know where all the
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peak strains are,

are. But mode sh

no amplitude asspciated with it.

75

we know where all the peak stresses
Ape is just a mode shape. There's

It's arbitrary.

It's just here's |how it vibrates.

Where
measurements, and

to the mode shaps

do we use these strain

there's a lot of them? Attach them

and then use those to tell us how

strongly that modg is vibrating, and look at the peak

stress locations jand see if we're under or above the

acceptance limit.

So they're inferring the stresses based

on measured straips and a numerical model of the mode

shapes, and that'

5 fine, as long as you prove to us

the model converged and the stresses are converged

and all that good
forth originally

the fact that the

stuff. But where we went back and
is they did not take into account

numerical model had uncertainty in

where the resonanjge frequencies were.

There

frequency 1in ths

simulated resonange in a model dryer.

guarantee that thg frequencies are right.

make sense?

MEMBEH

DR. HAMBRIC:

may be a strain at one resonance

real dryer, and a strain to a

But there's no
Does that
BLEY: No. Say it again please?

So I've got this bottle.
NEAL R. GROSS
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It has a resonang

somebody build a
back with that ss
take a measured 4
it to the respons
wrong, because it

They
uncertainty. Thd
that in a reg gui
an inference proc

MEMBE

2, and now where g

3 that only has 1

because it was b
and I again, when
the future. So I'
they started that

DR. H
done. So what th
instrument Peach
get them mixed ug
going to instrume

MEMBE

DR. H

there. So what ¥

e at 63 hertz.

me resonance at 7

train at 63 hertz

1J

5 of the model alt
really should be

have to

edure.
R REMPE: This 1is

re they with respe

m curious on what'

AMBRIC:

Oh vyeah.

Bottom,

, which one came

nt the second one.

NEAL R. GROSS
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model of that bottle.

account

it's all that's saying.

we recruit the EPU,

the second one.

76

I go off and have
They come
8 hertz, okay. I
and try to apply
63 hertz and it's
at 78.

that

for

So we put

dJe. You have to account for that in

all Peach Bottom

ct to Peach Bottom

nstrumentation on the steam lines,

Alieved to be a limited prototype,

it was all in

s happening? Have

/ the EPU at Peach Bottom?

That's all been

ey had to do is they were going to

I always
first. They were

It was too late.

R REMPE: It was 3.
AMBRIC: Three. It was already in
ve had to do was make a link between

BERS

(202) 234-4433
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the measurements
the main steam I
typical,
the first dryer.
So W
statistical corrs
in the dryer versg
lines and the fir
come up with a cgq

was conservative

limited prototype
MEMBE
the data?
DR. H
MEMBE
DR. H

out of that is th

scale model testi

use to estimate

we had them measy
could sort of tra

that yes indeed,

and what

77

that we're going to make, which was
ine measurements, which is pretty
happened on the dryer in Unit 2,
€ had to go through a 1lot of
lation studies, looking at sensors
us what happened in the main steam
st instrumented prototype, and then

rrelation analysis that we thought

that we could then apply to the

case.
R REMPE: And how is that going with
AMBRIC: It worked. It was fine.
R REMPE: Okay.
AMBRIC: The other benefit we got

at we could throw away a lot of the
g and CFD and other procedures they
he SRV resonance amplitude because
red in the prototype plant, and we
dk them in the second plant and show
they were following the same arc.

wasn't a big

surprise, no big

Fverything was okay. So because

0 make that link between the

NEAL R. GROSS

There
amplification.
they're able t
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measurements tha
prototype measure
we were reasonabl
limited prototype
MEMBE
You said we could
things.
DR. H
plant measurement
MEMBE
actually done the
DR. H
just to -- and th
MEMBE
was more —-—-
(Simu
MEMBE
DR. H

to estimate the

testing, which is
to.
MEMBE
DR. H

the flow rates, W

basic screening g

78

t we're going to make and the

ments, we were allowed to —-- we felt
v assured we could proceed with the
assessment on the second drive.

R BLEY: Let me sneak a question in.
throw away the CFD and some other
because we had in-

AMBRIC: Yeah,

s at that point.

R BLEY: But did they -- had they
CFD? When you say "throw away" --
AMBRIC: It was a very limited CFD
en I only get proprietary —--

R BLEY: I was kind of hoping there
ltaneous speaking.)

R BLEY: --as to how it matched up.
AMBRIC: No. Most of what they used

SRV amplitudes was scale model

another big topic that we'll get
R BLEY: Okay yeah, thank you.
AMBRIC: CFD was more about what are

rthat are the Struhold numbers, Jjust

tuff. But it was not rigorous by
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any means. Don
question or addre

MEMBE
this is not my ar
the Reg Guide, I
a way around 1
methodology and 4
you planned, and
through it all
discussion.

I did
Guide, and I mean
well, you've got
heard at the begi
just wondering di

Reg Guide, or is

And

proprietary stuff.

clues you can giv
DR. H

vague discussion.
MEMBE

missed it, okay.
DR. H

too detailed al

79

t know if I fully answered your
$sed your concern.
R REMPE: Maybe I missed it, because
¢a. But when I was reading through
would not have gotten that there's
f you go the limited prototype
hings just didn't work out the way
there seems to be another path
is what I'm getting from this
n't get that from reading the Reg
it's much easier in life than saying
to put some more sensors on, as 1
mning of the discussion today. I'm
@ I miss it and it's really in this
there some additional --
I know you're talking about
But are there some additional
¢ people in the future?
AMBRIC:

We could. We added some

R REMPE: And it was vague enough I

AMBRIC: But we didn't want to get

out this particular

NEAL R. GROSS
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either. But we ¢
beefing that up a
guess.

MEMBE
been interested 1if
to you today for
the analog over i
that's been a lon

I kno
on many of the tH
and I was kind of
the reasons I war]
make sure things
that it's covered

And
neophyte to the w
coverage to every
it was pretty dar
Guide, 1is it too
just talking abou

Is 1Y
for a reviewer, I
could start diggi

they face this en

But

80

ould go back and think about maybe
little bit, trying to make a general
I think that's fine.

R BLEY: I've

| this. I'm learning a lot listening
me too. It's not my area, although
m electrical was once my area. But
¢ time ago.

W we've written letters that touched
Iings that are in here in the past,
hoping when this was done, one of
ted us to review it is so we could
jere in here that we might ask about,
in the Reg Guide.

s I read 1it, being a bit of a
Nrds, it seemed like it gave general
thing that might be important, but
1 general. My question is, as a Reg
general? Now this is what you were
too general for an applicant, and
think it's got the things a reviewer
mg in and say did you do this? Did
ough.
it s that the

also a reg guide
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applicants and

thorough enough t

things they shoul
the answer to tha
DR. H
we missed some t
generic guidance
how we handled
despite best inte
out. It was too
How did we make if
gave us reasonabl
CHATR
on, let's go back
envision these g4
these small devi
life I lived we
that the strain (g
that we were sen
the effect of t}
the

versus effq

temperature, pres
gauge itself.
So  hq

welded structure

L

J

N

il

L

Cou
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licensees

AMBRIC:

hings.

on,

mtions,

] work out anyway,

MAN SKILLMAN:

Htes that are fixed,

Hct of

81

would wuse, and 1is it

© make sure they think of all the

0 be thinking about? I don't know

t. I'm just wondering.

Well, we tried but I'm sure
But I can appreciate some
a lessons learned for

you know,

the Peach Bottom situation when
instrumentation didn't work
late to add more instrumentation.

in a fashion that

¢ assurance that things were okay?

Steve, before you go

to 16 just for a second. When I
uges that are on the dryer, I see

and 1in a past

had a very difficult time assuring

auge remained fixed and the effect

§ing on the strain gauge was truly

e device that we were monitoring

the physical phenomena,

qure, evaporation rate on the strain

re 1is a particularly complicated

that 1s seeing wetting and mount
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wetting and other
acoustic, whether
are thermohydrau
difference betwee

the effect wupon

gauge is affixed?

DR. H
the measurement
gauges. It wq

question, but it 1
a little bit furt
CHATR
DR. H

that.
CHATIR
wait. Thank you.
DR. H

MR. H

3 for structural

this one is dampil

it, but a lot of
analysis approac
approach. And,

called Rayleigh ¢

are not familiar

82

oscillating modes, whether they are
they are mechanical, whether they
lic. How does one discern the
n the effect on the strain gauge and

the component to which the strain

AMBRIC: All right. So we have in
section some discussion on strain
uld not completely answer your

night be a good point to poke it out

her.

MAN SKILLMAN: Okay.

AMBRIC: We can wait until we get to
MAN SKILLMAN: I'll wait. Yes, I'll
AMBRIC: All right.

AMBRIC: So, this is Slide 2 out of

modeling. The last one was modes,
ng. This has a lot of history to
applicants still use a time-domain
, 1instead of a frequency-domain
historically, that means something
lamping.

And for those of you who

with that,
NEAL R. GROSS

you pick a low frequency
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anchor point, a h

set the damping a

83

igh frequency anchor point, and you

t those frequencies.

The igsue is what happens away from those
frequencies. And what you get is almost 1like a
parabola, not quifte. But at the anchor frequencies,

the damping is ex
it's lower, and
vibration respon
stresses, so that
frequencies, the
conservative. So
anchor
excitation below
they've got a
conservatively tqg
got a forcing
frequency anchor
load to the stru
damping on the st
SO, w
you've got forci
those forcing fu
frequencies brac}
We alsd

obvious.

industry, we've p

frequenci

jctly what you specify. In between,

fthat's conservative, 1t means more

strains and

I

He predicted, higher

's fine. But outside those anchor

damping 1s too high and is not

| we have seen applicants set their

es and have a really strong

that anchor frequency, meaning that

structural response that's non-

damped. Or the opposite, they've

function that's above the high

point, meaning they're applying a
dture and they're putting too much
ructure.

¢'ve spelled it out, hey guys, when
1lg functions, you need to look at
rctions and make sure your anchor
det them. I think that's pretty

are always getting push-back from

it in the guidances that one percent
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damping has been
one percent encom
the structural da:
you mount a stry
interface damping
steam environment
to cover the asH
said one percent
use.
sSome

in this particuld
dryer, we have otl
have higher dampi

perforated plate

the plate vibrates

through the holes

higher damping.
extra damping for
the Reg Guide th
and validate it,
that.

MEMBE
analysis?

MR. H

MEMBE

]

il

b

Dl

Cou

(202) 234-4433

passes pretty much everything,

ng,

Hhat the steam goes through.

And they said, hey,

I¥ RICCARDELLA: By

84

acceptable in the past. And that
it's
ping, it's the damping you get when
cture in a system and you've got
, it's the fact that you're in a
with radiation damping. It's meant

installed damping conditions. We

is a conservative number you can

Hpoplications have said, hey, we know

r structure, in this case a steam

ler components inside the dryer that

and the one in particular is a
And as
and the steam pushes back and forth
, you get viscous effects, that's
let us claim an

that. We put that as an example in

Ht that's fine if you substantiate

and previous applicants have done

test or Dby

AMBRIC: Both.

R RICCARDELLA: By test?

NEAL R. GROSS

RT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. H
with a perforatqd
measured the damy
show that they ca

MEMBE

MR. H
was conservative
damping level to
a success story
final --

MEMBE
percent of critic

MR. H
have to report if
can compute 1is aqg
to be converted b

MEMBE

MR. H
things
applications we
documented, parti
that's very imy
applicants come |1
power ascension,

we've designed th

we've not

85
AMBRIC: They've done a simple test

td plate, pushed it through air,
ing. Done an analytical study to
m calculate it. Made sure --

R RICCARDELLA: Okay.

AMBRIC: —-- that the analytical study
and applied a conservative added
their structure. So that's kind of

Hhat we put in there. Next. And

R RICCARDELLA: And percent, that's
@l damping, right?
AMBRIC: Yes, or —-- yes. They always

1 as percent as critical, but they

viscous or hysteretic, but it has

@ck over to percent critical.

R RICCARDELLA: Okay.

IAMBRIC: Okay. A couple of other
iced 1s that some of the early
got were not terribly well

¢ularly regarding benchmarking, and

portant. And also, we've had

dack to us after the fact, during

for example, and said, you know,

1s dryer and here's how we analyzed
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it and then whej
different and th
replaced that ang
but it was diff
sometimes there 4
and as-built cond
we need a very
procedures and
versus as-designe
This
modeling. The ac
propagate forcing
for instance, or
come from flow wi
about what's hapj
very messy, therg
and reformulating
pressure gradier
excite the acoust
And
applications, thq
those models wer
They have to put

density, two phas

at the acoustic m

86

n it was built, these wells were

is structure was different and we

il made it all better, so they say,

erent. And so, we learned that

\ire differences between as-designed

itions. And so, the action is that

formal, rigorous documentation of

any differences between as-built

@l structures.
is a single slide on acoustic
Nustic models are typically built to
functions from steam line wvalves,
to propagate forcing functions that
thin the RPV itself. If you think
dening to the flow in there, it's
o's steam kind of being dumped out
and sucked into a nozzle, lots of

Cs, turbulence, pulsations that

1cs inside the entire RPV.
those

we noticed 1in a lot of

| properties that got dumped into

¢ questionable, to say the least.
in a sound speed, a damping, a mass
d flow sometimes. We've also looked

ddels that were put together of the
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RPVs in particula
wouldn't have a
trying to model g
might have two
that's
into nozzles event
models and they
discretized and i
sort of an octag
area was wrong an
So, W
properties have
them a little bi
deviate excessive
better answer.
least six element
well established
Reg Guide. And

areas, you have

either by adjusti

you have to make
properly.

MEMBE
area?

Or the adiji

factor?

inappropri

87

r and you get to regions where they

whole 1lot of elements, so you're

i wave that looks like that and it

elements over that distribution,

ate. Also, the flow gets sucked

fually and we looked at some of those

were sort of pretty course and

mstead of a pure circle, you've got

dfn or something like that, and the
d things like that.
¢ put in the guidelines, hey, your

o make sense. So you can adjust

4 for benchmarking, but they can't
ly from reality. Just try to get a
Any acoustic model has to have at
s per acoustic wavelength, that's
in my field, so that's now in the
any time you have circular nozzle
to make sure the area is correct,
ng it or whatever you want to do,
sure that the area is represented
R SKILLMAN: Is this is the physical

Isted area based on some correlation
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MR. H
area. So, 1f yo
discretize a circ
always a little b
you just have to
in their analysi
there.

MEMBE

MR. H
are on forcing fu
did the Dbest we
functions as we c
out in the Reg G
external system,
forcing functionsg
for them. But hq
there to capture 1
for so it's prett
broken into 1itt
lesson/observatio
action we took to

So th
more than one pu
whole bunch of p

different flow

88

AMBRIC: No, no, it's the physical

U discretize something, you try to
le, you'll never get it right, it's
it less than what it should be. So

account for that and correct for it

5 so we have the correct area in

R SKILLMAN: Thank you.

AMBRIC: Next three blocks or slides
mctions. And just to reiterate, we
could to capture as many forcing
ould, but I think we tried to point
uide that any new design internal,
you have to consider what other
might be there and try to account
pefully we have enough examples in
he flavor of what needs to be looked
y rigorous. So, these are kind of
So the dash 1is the

le pieces.

m, the arrow 1s the corrective

modify the Reg Guide.

¢ first is regarding pumps, there's

mp and 1n some cases, there are a

umpes, and that can lead to pretty

distributions inside the Reactor
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Pressure Vessel.
think you can and
condition. So we
distribution thaj
local flow wveloc]
the worst case po
MEMBE
question. We hav
that has four rea
isolation wvalves
machines, you can
running forward,
forward. With
backwards in
forward, you've ¢
backwards in thos

of this Reg Guide

MR.

==

about multiple py

mechanical issues

thr

L

D]

i

il

MEMBE
flow, every once
MR. K
that.
MEMBE
cou

(202) 234-4433

1 gives

R SKILLMAN:

qJtor coolant pumps,

three running forward,

¢ other two loops.

JAMBRIC:

R SKILLMAN:

R SKILLMAN: Okay.

89

And, obviously, you can't, I don't

lyze every possible pump operating
say, the guidance is, use the flow
you the highest possible

ty, and that presumably gives you

ssible forcing functions.

Steve, let me ask this

¢ a design that we're now reviewing

it does not have

So, 1like these big four loop

have one pump running forward, two

four running

one running forward, you've got

ee. If you've got two running

bt a heck of a lot of flow running
Is it the vision
to address that?

We talk

We tried, vyes.

mps and not only flow issues, but

| what happens when you got all --

I didn't see reverse

1n a while when I raise that --

AMBRIC: Oh, we didn't talk about

Bingo. I will be

NEAL R. GROSS

RT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

a witness of one

and you run one ¥

density, at the c
reactor coolant j
and backward fld
addressed.
MR. H
could address thi
reactor, but --
MEMBE
MR. H
MEMBE
say -- the way
steam dryers, Vq
affected by, clea
downstream. The
size of the stack
which are import
permutations and
MR.
necessarily aimd
recognizing that
MEMBE

MR. H

multiple differen

90

that you get a big four loop plant
eactor coolant pump at its highest
olant's highest density, you've got
qump 1issues,

motor current issues,

W 1issues that really need to be

AMBRIC: So, in this Reg Guide, we

it for what's happening inside the

R SKILLMAN: That's what I said.
AMBRIC: -- pumps are --

R SKILLMAN: This is -- it doesn't
you're addressing the replacement
u are viewing them as they are
Hly, the bells, lights, and whistles
location of your relief valves, the

H, the size of the standoffs, all of

gnt. How about the Ps and their

1

combinations?

HAMBRIC: Right. This isn't

1 at steam dryers. This is
there are multiple pumps --

R SKILLMAN: Okay.

AMBRIC: -- and you're going to have

c potential flow conditions inside
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your reactor and t

one.
MEMBE
reverse flow.
MR. H
MEMBE
issue that I
consideration for
Reg Guide is inte
MR. H
MEMBE
MR. H
MEMBE
MR. H
MEMBE
that etched on yo
MR. H
MEMBE
MR. H
MEMBE
MR. H
applicant come
combination of £

possible local fl

MEMBE

H

A

H

if

Cou

(202) 234-4433

R SKILLMAN: Well,

91

hen they take the most conservative

SKILLMAN: I'm raising the issue of

\MBRIC: Right.

SKILLMAN: I'm also raising the

raised before, and that is,

a broader description of what this

1ded to address.

AMBRIC: Right.

R SKILLMAN: Okay.

AMBRIC: Good.

R SKILLMAN: Thank you.

AMBRIC: Yes, got that marked down.
R SKILLMAN: Reverse flow, I want
wr --

AMBRIC: We have that written down.
R SKILLMAN: -- pad here.

AMBRIC: That's a good point.

R SKILLMAN: Okay. Thank you.
AMBRIC: But the intent was, have the
up with the most conservative
lows so that you had the highest

ow velocity.

I will tell you,
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if you got one
reactor coolant p
MR. H
MEMBE
issues that prob
closely unless tt
the run-out and t
flowing forward a
MR. H
can we get the nar
at? Is that all

MEMBE

MR.

==l

So, the next one
more bullets, sor
at the local floy
depends on the ph
forcing functiong
they're coming i
different phase d
cases, are turbul
correlation over
lengths matter.
And w|

all possible con

92

dn a big P with four 1loops, four
ymps, you run the one --

AMBRIC: Right.

R SKILLMAN: -- you've got some flow

ably haven't been looked at real
le designers have been thinking of
he effect of that run-out on what's
md what's flowing backwards.
AMBRIC: Right. So, for our efforts,
ne of the application you're looking
right or not?

R SKILLMAN: Later.

IAMBRIC: Later,

okay. All right.

-—- oh, lord. We've got to do two
ny. So, not only do we need to look
| velocities, but the response also
ise distribution. So if you look at
coming from different locations,
n at different times, so there's

istributions. The forces, in some
Hnt, and that means they have random

So the effect of correlation

I

Hpace.

¢'re not asking an applicant to run

@litions, that's unreasonable. So
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instead, we're agd
simplifications,

phase, perhaps mg
make sure the for
really what we're
then the final bu
of work over the
function amplitud
some of that in

coming up, but we

then try to extrs

function is going

EPU, using inappr
So, W
said, if vyou ha

measuring how tha
got to look at juj
time instead of
frequency band wi
little bit. So,
functions. This

geometry changes
unfort

functions,

we Jjust throw out

For e

f

D]

Cou

(202) 234-4433

ding functions are bounding.

1llet down below,

ks of SRV resonances.

] progresses over power flow,

ynately,

93
king them to consider conservative
all out of

perhaps all in phase,

ximum correlation lengths, just to

That's
after, is worst case response. And
there's been a lot
vears trying to assess the forcing

We'll get to

the scale model testing discussion

ve had applicants measure data and
polate what they think the forcing

to be at a higher power, such as

opriately averaged data.

e've instead nailed them down and
re a total excitation and you're
you've
t that tone and how it changes over

averaging wide

over a really

nich can kind of mask that tone a

Slide 2 out of 3 on our forcing

get back to the importance of small

can have Dbig impacts on forcing

in plants like these. And

a few examples.

sxample, you have the flow coming
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over a standpipe
matters. Almost
smoothed corner t
resonance is iy
dimensions, the ]
that matters, it

the peak. Cleara
matter. The RPM

if that aligns w

huge impact on t

give some guidang

that.

The £

ways of assessing
CFD or scale mods
but we've had
interesting propo
replicas, they've
if a smaller scal
get all those geor
changes, this get
prototype issue,

be addressed, botl
you can refer bag

but any deviation

94
opening, how sharp that corner is
every plant now has sort of a
3 make sure that the strength of the
Just the

tigated. physical

ength of an SRV, the diameter, all
cthanges the frequency where you get
mces, structural supports, that can
of the reactor recirculation pump,
Ilth the resonance or doesn't has a
lhe net response. So, we tried to
e in the Reg Guide to address all
irst is looking at the different
the forcing functions, either with
I testing.

And it may be obvious,

oplicants come with some pretty

§als, but they've got to be accurate

got to get the geometry right. Even

1

H, it might be hard, but you have to
netry details correct. If there are
§ back to the limited prototype/non-
the effects of the changes have to
1 individually and cumulatively. So

k to a previous successful design,

{ you have to stack up those deltas
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and then tell ug
forcing function.

A lot
they consider a p
wanted to scale 1

okay to do, but

those differenceg|

lot of different r

different plants
frequencies, some
are
assessed, we havsg
response of the i
So I
we can maybe ansj
Mostly where we sd
flow velocities.
hopefully worst c
empirical methods
amplitudes. We
getting better,
point, somebody i
the forcing funct

and we added som

that does happen.

constant fre

1

Y

4

N

If

Cou

(202) 234-4433

dse velocities,

tools are getting better,

95

what they mean according to the

of times, we get one component that
rototype that was big and then they
down into a smaller plant. That's
ou have to analyze the effects of
we've seen a

And then finally,

cactor recirculation pumps in these

they all have different drive
are variable frequency drives, some
quency drives. That has to be

to look at what that means to the
iternal. And numerical simulation.
think we're finally to the CFD and
er that question you had earlier.
e CFD being used is just to estimate
And they'll take those velocities,
and go off to other
to estimate the forcing function

realize that computers are always

at some

¢ going to try to use CFD to assess

ion amplitude. So we realize that

¢ guidance to what to look for if
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But o
with that is thse
more straightforw
or structure than
a structure, for
another structurs
how strong was 1
stiffness and 1is
you've got a flow
inflow is, you th
is, but vyou hav
velocity and the

There
they're variablsg
condition changeq
beginning of the
cycle. The flow
out of it. That
always conservati
a bounding resporq
have the codes th
to be validated o
to the components

means the proper

regime. So we

96

ne of the big issues that comes in
bounding conditions. It's often
aird to model an actual flow regime
it is to model its boundaries. For
example, you say it's welded on to
, well, where did you weld it and
ne weld and what's the effect of
there a joint effect there? If
regime, you think you know what the

ink you know what the discharge flow

e to model the pressure and the

density, there are differences.
are always differences. Sometimes
right? The plant operating

a little bit as you go from the

fuel cycle to the end of the fuel

gpeeds up so they can get more power

thanges things. So, the message is,
wve. What can you do to come up with
nNse? So, for the CFD, we need to
it are used validated, but they have
m plant components that are similar
that are being designed. And that
geometrical complexity, proper flow

need representative
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before a simulati
And t
be feasible and y
give us a boundi
little bit of the
containment. We'
and the bottom, i
do? You can't mo
the box that you
case boundary co
that's not necessd
but it sort of
figured I would p
So, U
believing CFD ar
That's a tough on
on a case-by-cas
back on the previ
of the benchmarki
benchmarking a r
were they with
conservative are
most important, h
prove that they

conditions, conssg

97
on tool can be somewhat trusted.
nen, the boundary conditions have to
/e have to look for conditions that
[lg response. This gets back to a
issue of CLDMs that might be inside
Ve got these boundaries on the top
t's moving up and down, what do you
el all of them, but try to look at
lre in and come up with the worst
nditions for your assessment. So
arily a forcing function question,
jot to be part of this and so, I
oint it out.

ne question about when do we stop

1 switch to SMT or other tests?

I think all we can do is review

Fany
Ay
.

1J

H basis -- I'm sorry, we're still

qus slide -- and look at the quality
mg, how good a job did they do with
ekpresentative case?

How rigorous

their conversion studies? How

they? The latter is probably the
ow conservative are they? Can they
really chose conservative boundary

rvative flow regimes, conservative
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Reynolds numbers,
applying a higher
going to get in r¢
us, then our belis
maybe we need so0I
up, maybe supplem
MEMBE
a little bit off {
Are the CFD simul
MR. H
MEMBE
I do the CFD sin
look at them, th
mainly single pha
MR. H
MEMBE
MR. H
MEMBE
MR.
testing. These
simulations. And
little pieces. T
need to ensure th

What does that me

to be right, so t}

98

and that they're guaranteed to be
forcing function than what they're
Hality? If they can't prove that to
f drops and we start thinking, well,
ne extra testing there to back you
ent part of the CFD simulation.

R CORRADINI: Are the CFD -- this is
lopic, so the Chairman will stop me.
ations all single phase?

AMBRIC: We didn't go that far.

R CORRADINI: But, my point is, when
Wwlations, you've only -- when you
dse that are presented to you are
$se simulations?
AMBRIC: So far, yes.

R CORRADINI: Okay.
AMBRIC: All right.

IR CORRADINI: Okay, fine.

Thank you.

scale model

AMBRIC: Okay. So,
sre used more often than the CED
we've broken this down into several
he first is dynamic similitude. We
it the SMTs have dynamic similitude.

an? That means the mach number has

e flow rate divided by the speed of
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Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

sound. In a readq
sometimes the s¢
different, so you

mach number there
-elastic paramete
the damping in thd
in the working f1

So
particularly in 3
going to get ir
comparable, cons
second sub-bulle
distortions are a
can use other mac
us that you've dof
going to get a stny
expect to see 1ij
effective Reynold
is invariably smj
scale model test.
lower --

MEMBE
know real well wi
there mi

scaling,

frequency and I'

i

Il

sl

ol

Cou
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h numbers,

N reality.

$ number.

R BLEY:

th mechanical systems.

m not

99

tor, we have steam, we have water,

ale model testing using air are

have to properly account for the

And then something called a fluid-

m, that's sort of the combination of
8 working fluid and the mass density

wid.

chat has to be comparable,

scale model test, to what they're

1| the real reactor. Or 1if not
grvative. And that's what that
t down there, only conservative
¢cceptable. So you can use air, you

but you have to prove to
e a conservative assessment, you're
pnger forcing function than we would
Second bullet is the
All scale model testing
ller,

nobody ever builds a bigger

And those Reynolds numbers can be

You're in an area I don't
When you do
st be things that affect resonant

sure you can always define
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what's conservatf
happening.
MR.
rolled into the mg
assuming.
MEMBE
MR. H
have to look at vy
MEMBE
MR. H
with a test that,
coupling to the 4
to what you'd exp
MEMBE
MR. H
MEMBE
MR. H
MEMBE
MR.
absolutely right.
MEMBE
MEMBE
Dennis's point,
coming back to wh

it. So if somebod

100

ive 1if that sort of thing is

Can ypu talk at all about that?

That's sort of

AMBRIC: Right.

ch number, the speed of sound you're

R BLEY: That kind of covers 1it?

AMBRIC: It partially does, but you
our dimensions too.

R BLEY: Yes.

AMBRIC: So, you're trying to come up
at a given flow rate, has the right
which is similar

icoustic response,

ect in a full scale plant.

R BLEY: But that's easy to say --
AMBRIC: Tt's easy to say --

R BLEY: -- but proving it is --
AMBRIC: -- and difficult to do.

R BLEY: Yes.

HAMBRIC: That's right. That's

R BLEY: That's kind of tough.
H CORRADINT: But I guess, to
pu're looking though to, I keep on

it you said, you're looking to bound

lly 1s going to do a scale test, maybe
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two scale tests a
might want to ovd
go to an extreme
that I would exd
expect it --
MR. H
of the ones, I th
MEMBE
MEMBE
MR. H
steps you have t
model test and th
MEMBE
where like a page
not to hint at th
(Laug
MR. H
expert on this, h
even cite a co
references, for fi
MEMBE
the way of referer
of references in

MR. H

MEMBE

L

Cou
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md then extrapolate from that,

AMBRIC: Right.
1nk,

R CORRADINI:

AMBRIC:

R BLEY:

AMBRIC:
e's written long,
uple of
Hrther guidance,

R BLEY: Well,

101

they
r, I don't want to say overdo, but

relative to the fluid wvelocity so

ite the system more than I would

That's actually one
in a future bullet.

Okay.

R BLEY: Okay.

Yes. So there's a lot of

y go through to prove that a scale

at your working fluid --

I guess, this is one place

and a half in the Reg Guide seemed

¢ depth of what they have to do.

hter.)

Right. Yes. Samir is the

long articles, we
them, I think, in the
see these articles.
we don't cite much in
ces.

I mean, there's only a handful

the whole thing.

AMBRIC: Right.

R BLEY: So there's -- mostly one
NEAL R. GROSS
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would have to, wd
doing if you're g
have to have a pr
MR. H
MEMBE

to pull this off.

MR.
textbook, it's a
numbers, we know

a little bit of o
good way to demqg
influenced by fur
to run a little K
way a Reynolds 1
forcing function
eventually you sg
converge. So, I
that you're kind
you've converged.
The ¢
see are transient
take a pressure j
it, put models of
the very ends of

valves. And they

102

11, one hopes you know what you're
bing to use this anyway, but you'd
ektty thorough background in --
AMBRIC: Correct.

R BLEY: -- the literature to be able
HAMBRIC: Yes. This is not a
Reg Guide. So, again, the Reynolds
they're smaller. And this gets to
me of the comments you guys made, a
nstrate that the results are not
dher increase in Reynolds numbers is
it faster and then see. A typical
umber affects work is,

you get a

as Reynolds number goes up,
rt of hit an knee in the curve and
want to make sure that you'wve shown
if beyond that knee in the curve and
Next.

rale model tests that we typically

So, what they've done is they'll
nlessel, attach a bunch of pipes to
the standpipes and the pipe, and in
the pipes, they'll put a bunch of

"1l pump holding up as high as the
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pressure rating
instrumentation
system, and open
down. And the hg
that this blow-doy
and then starts
rolling off to thd
and it's no longe]
There
condition, the pr
the temperature
slowing down. H
forcing functions
of variations. Th
peak with my hand
to start getting
make sure that
forcing functions
the Reg Guide 1is,
the same test con
uncertainties, bs
the sampling
calculations, one
ten seconds, we n

bounding estimaf
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ill let it go and then get their

ready, turn on the acquisition
up the valves and then do a blow-
pe is they have enough capacity so
in is fairly steady state for a while
dying off, the pressure starts
§ point where the velocities go down
1 relevant. So, that's the reality.
S actually a transient test
essure is going down as we proceed,
is going down, the wvelocity 1is
ut, the issue is, these sorts of
depend significantly on those kinds
12 resonance peaks, I can do a little
it's going

here, as you slow down,

wider and smaller. And you want to

vou're capturing the worst case

So one of the things we added to
you've got to run multiple runs at
Jitions so that we can establish the
cause it 1s a transient test, and
which they're

ver doing the

second, two seconds, five seconds,

@ked to make sure that those give us

fles of the
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realizing that yo
The p
these sorts of te

this comes out o

104

1w do have a transient test.

1]

Hrameter that typically comes out of
qts is called a bump-up factor. And

f an EPU application. So they'll

have operating plant data at a current power level,

they want to go t

not allowed to gdg

how much stronger

be, that's the wh
make sure it's ok
of doing it in tl
model test. They
go to what they 1
condition, measu
function, take thgd
Somebody coined
stuck, and sort
it's the ratio of
divided by the 1lo
What
forcing function
power,
here's what we ex

that estimate 1is

those bump-up fa

multiply 1

® some higher power level. They're
to that higher power level to see
the forcing function is going to
dle point of the review process, to
4y to go to that power. So instead
le plant, they'll do it in a scale
"ll run a current power condition,
ell us is a conservative EPU power
re what happens to the forcing
ol ratio and call it a bump-up factor.
it that years ago and it sort of
we've sort of maintained it. So,
the loading at higher power level
ading at a lower power level.

they'll do 1s they'll take the

in the actual plant at current

t by the bump-up factor, and say,
pect it to be at EPU. And we hope

conservative. We have found that

qttors depend on frequency,

NEAL R. GROSS

if you

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

have a valve that
a different bump
singing at 160 h
that same valve aj
main steam line,
valve, different.
as-installed appl
And
transient test.
what your flow ra
number is or exad
gives you uncert
it's okay for est
conservative, buf
get to the end, yag
up factor was ri
that bump--up fa
plant. Another t}h
about mach numbe
extend the SMT to
the actual power
margin, we're get
And w
well

us and say,

the ratio of EPU v

105

s singing at 110 hertz, you've got
qmup factor than a different valve
ertz. It's just different. Take
1d move it ten feet further down the
gifferent. ©Put it close to another
Everything depends on the actual
1cation.

of course, uncertainties in the
If you're not quite sure exactly
te is or exactly what your Reynolds
tly what your mach number is, that
Hinties. So, the bottom line 1is,
imating, as long as we think you're
during power ascension, when you
11've got to validate that your bump-
gjht. And you essentially replace
ctor with what happened in actual
1iing we can do is, if we're uncertain
rs and Reynolds numbers, is Jjust
even farther beyond where you think
wlant condition is, so we have some
ting a true worst case.

¢ have had applicants come back to
we did

away from this resonance,

ersus CLTP and we actually got lower
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forcing functions
we established a

minimum bump-up f

is the square of t

flow physics. So

We T

structural modeli
CFD to predict 4
tests, you piece
with a final asses
the

vibration 1is,

stress 1is, and

limit. We need X
And we first staj
Quad Cities days.
What
would benchmark tl
benchmark the stj
benchmark the map]
They'd benchmark

say, all of th

procedure are unr

correlated, that

errors and uncert

the squares. And

L

Cou
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mng,

rfuctural response part,
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That's a measurement error. So
long time ago that the absolute
actor that you can physically have
he flow velocity ratio, that's just
that's a bare minimum.

Okay.

alk about structural response,
flow induced forcing functions,
nhe forcing functions, scale model
all that together and you come up
sment of what we think the structure

structure strain is, the structure

qompare that against an allowable

enchmarking of that whole process.

nted on this procedure back in the

the applicants were doing is they

le forcing function part, they would

they would

Hing of loads to a structural model.

H11 those pieces and then they would

ese components in the analysis

elated to each other, they're not
means we can combine all the bias
ainties, using square root sum of

we accepted that for a while until
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we got to Su
measurements of sf
were much higher
than the predicti
What's going on?
not accounted f
components were n(

And tf
end benchmarking
accelerometers or
measurement on thg
it has to include
loaded by whateve
however it wants
everything you've
that, you apply a
final measurement

on the statiHf

I

measurements, and
neglected issues
that's quite powe

approach be used.

107

squehanna, and the end-to-end
rrains on an actual operating dryer
than the predictions. Much higher
ons plus the SRSS bias correction.
Clearly some forcing functions were
br or some structural response
t properly accounted for.

le lesson learned there was end-to-
is the best way to go. Put either
strain gauges, some sort of a final
> reactor internal. By definition,
everything, the actual structure is
r it's loaded by, it's responding
to respond. And 1in spite of
done, if you don't properly capture
bias correction to it based on the
and you apply an uncertainty based
several

tical assessment of

that does it, that captures any
in your procedure. So we think

rful and we highly recommend that

MEMBEH
saying is, eveg
instrumented.

COUF

(202) 234-4433

WASHINGTON, D.C. 20005-3701
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SKILLMAN: But, Steve, what you are
ry design needs to be fully
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MR.

earlier in the Re
we are concerned g
induced,
strong vibration.
MEMBE
steam dryer at
questions and you
MR. H

bias to it. And

)

we're spending a
you've got a comj
can prove to us w
there's no signi
about, there's 1
instrument it.
MEMBE
end-to-end on a n
you're not puttin
MR. H
have reason to
function respons
acceptance limits

MEMBE

misunderstood, en

acoustiq
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HAMBRIC: No. No, we cover that

¢ Guide. It's only components that
\bout, that we think may have a flow-
ally-induced, mechanically-induced
You don't want a margin --

R SKILLMAN: So we're back to the

Susquehanna with some unresolved
r guidance is --

IAMBRIC: We force them to apply a
steam dryers have failed, that's why
11 that attention on it. But if
qjonent that's never failed and you
ith a lot of margin for safety that
ficant forcing functions to worry
O reason to have to go off and
R RICCARDELLA: But how would you do
n-prototype or limited prototype if
g gauges on the one end?

AMBRIC: Again, only i1if we think we

Ibelieve there's a strong forcing
¢ that gets vyou <close to the
I¥ CORRADINTI: But, maybe I

I-to-end in your definition is not
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simply instrument
MR. H
MEMBE
category of limit
MR. H
that 1is. But £
problems the sted
you want to changs
conditions or do
in there and prov
have a Quad Citie
MEMBE
voiding out this
non-prototypes fo
MR. H
MR. W
prototype, we -
there's a statems
applicant need tq
in order to cla
prototype. And i1
to monitor the ma
MEMBE

you end-to-end?

MEMBE

[

Cou
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AMBRIC: No,

R CORRADINI:

m dryers have,

something different,

R RICCARDELLA:

AMBRIC:

T excuse

ssify the

N our EPU experience,

R RICCARDELLA:

R SKILLMAN: No.

109

ing the steam lines.

that's --

That would be under the

ed or non-prototype?

AMBRIC: Remote monitoring is what

hr a structure that's had all the

we've said, hey, if

H the design or change the operating

you need to go

¢ to us things are okay so we don't

s on our hands again.

But then 1s that

concept of limited prototypes and

r steam dryers?

I don't think so.

DNG: In the guidance, for limited

me, for non-prototype,

ht saying for EWL steam dryer, the
provide significant justification
a non-

steam dryer as

all units need

1n steam line at a minimum.

But that won't give

That's —--
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MR. H
their procedures
they're conservat

MEMBE
example, it's in
coming to us?

MR. H

MEMBE
an EPU with the e
don't know the de
are going to have
going to do whdg
instrumented, oth
give us the real

MR. H
sure we'll be in

MEMBE

MR. H

MEMBE

about what happen

and how the Rq
situation.

MR. H
this Reg Guide,

hasn't been issue

110

AMBRIC: No, but they've benchmarked
on another dryer and proven that
ive, with bias correction.

R REMPE:

Can we talk about another

your backup, Browns Ferry, that's
AMBRIC: Okay.
R REMPE: Apparently, it tried to do

xisting dryers and it failed, and I

tails and I'm curious, and now they

replacement steam dryers. Are they
t Peach Bottom did, one heavily
grs not? Or what's the -- could you

world story on that one?
AMBRIC: Yes. That's the plan. I'm

front of you again --

R REMPE: I'm sure you will too --
AMBRIC: -- in a year, but --
R REMPE: -- but I'm just curious

red as 1t relates to this Reg Guide

g Guide adequately covers that

AMBRIC: They don't have to follow
because it

is my understanding,

d yet.
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MEMBE

MR.

Ju—

attempt.

MEMBE
plant in the futu
and I'm Jjust won
what happened whe

MR. H
old application
quality plant med
in the measuremen
noise, that they
to convince us t
about it.

MEMBE

MR. H

good quality plai

that the existin

acceptance levelg.

dryer, I think I
stop me, you can,
first one and aft:
line monitoring.

MEMBE

MR. H

111

R REMPE: Right, but --
JAMBRIC: But they are making the
R REMPE: -- there will be another
ne, and it may not be a steam dryer,
dering, can you talk a little bit
m they failed?

AMBRIC: 0Old application? Yes. The
essentially down to

comes poor

surements. There's a lot of noise
ts you saw earlier, electromagnetic

just could not remove in a fashion

hey weren't being non-conservative

R REMPE: Okay.
AMBRIC: So they just did not have
Nt data and could not prove to us
gy dryers were going to meet the

Going forward, vyes, the first

can say this, if anybody wants to

but they're going to instrument the

I

5r that, it's going to be main steam

R REMPE: Okay.

AMBRIC: And if we have an issue like
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we had on Peach B

MEMBE

MR. H

(Laug

MEMBE
you.

MEMBE
that event, has aij
without replacing

MR.

Vermont Yankee ma

not replace it, be

Mile, but they D

bit. So there haj
improve the stren
those three, VY,
on the backup, t
dryers. And I ¢
columns that said
certainly have it

MEMBE
but there's a dis

MR. H

Yuken was going t

MR. W

d

H

i

I

H

Cou
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gth.

Hope Creek,

R REMPE:

AMBRIC: Right.
® cover,

(ONG: Yes.

112

ttom, we'll --
REMPE: We'll be back.
\MBRIC: -- adapt and overcome.
1tter.)
REMPE: Okay. Just curious. Thank
RICCARDELLA: Since Quad Cities,

nNybody been able to implement an EPU

their steam dryer?

HAMBRIC: Yes. Hope Creek, and
de modifications to their dryer, did
tefed up the outer banks of it. Nine

¢efed up their structure a little

e been modifications made to try to

So, yes, there's been at least

and Nine Mile. I think

here should be a list of all the

hought we put in there one of the

replaced or retained. If not, we

It's not really a call-in,

cussion about it in there.

And the next block,
right?

The next Lessons Learned
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is the structural
analysis of react
follow the guidd
Vessel Code Sect
safety related rg
the steam dryer,

NG to ensure stru
various stressorg
cyclical loading,
ensure high frequ

cause high cycle

To pe

necessary to hav
stress concentrat
address these
structural analys
The guidance incl
refinement to ach
please.

MEMBE
or the ACRS be cq
for internals des
highly qualified
designed internal

and we have inte]

Cou

(202) 234-4433

nce

lon III Subsection NG.

qtural integrity.

& conservative estimates

irons,

leve stress convergence.

nmals that cracked.

113

stress calculation. The structural

dr internal core support structures

in ASME Boiling and Pressure
The non-

actor internal components, such as

@lso adopt the ASME Code Subsection

The limits on the
, 1including fatigue stress due to

need to be satisfied. This is to

ency excitation mechanisms will not

fatigue.

rform the stress analysis, it is

of 1local
such as at fillet welds. To
detailed for

issues, guidance

1s were included in the Reg Guide.

ide how to perform successive mesh

Next one,

R SKILLMAN: Why should an applicant

mfortable with this? The guidance

ilgn has been available for years and

well intentioned men and women

¢ 1n accordance with Section III NG

And so, we're
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saying, oh, by th
other things. 4
couple of other th
Where's our comf
something else go
MR. 9§
dryer was not ty
there's Dbeen, 1il}
sort of made in t
original steam dr
they do now.
applicants and 1i
going to design
liberties with rdg
like the fillet w|
all the quality rd
requirements that]
they're non-load
can use something
less that gets ug
going to do.
And ¢
the ESBWER, with
analyzing these

discussion had to

114
H way, we're going to do a couple of
lhy should we be confident that a
ings are going to solve the problem?
Nrt going to come from? Is there
ing on that we aren't considering?

the steam

CARBROUGH: In the past,

wically Subsection NG. If you --
(e, stories of how these were Jjust
right?

he garage, They were -- the

vers did not have the pedigree that

4

But with the improvements, the
densees are saying, well, we're just
it to NG, except they take some
gard to some non-structural parts,
klds, and they don't sort of follow
flquirements, all of those additional
are in NG because they feel that
bearing welds and joints and they
il a little less. It's that little

involved in terms of what they're

nere was a lot of discussion with

GEH, 1in terms of how they were

ffillet welds. And a lot of this

do with, like Yuken mentioned, was
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the convergence

they were assumin
lays out a coupls
worked out betwee
GEH in terms of

evaluate the sorj
these fillet weld
would maintain t
generate any loosg
in this section.

guidance to help

they'll know whaf]

deal with these
structural point
MR. W

stream dryer fail
account for all
the acoustic reso
to explain all th
make sure the app
MEMBE
say that things
limits were inad

didn't define the

MR. S

115

jf the solutions in terms of what
¢. So, what the Reg Guide does, it
of different approaches that were
m the NRC Staff and the analysts at
wvhat would be a reasonable way to
1 of non-structure bearing joints,
s, in a steam dryer,

so that they

heir structural integrity and not

ol parts. So, that's what we're doing
We're trying to provide additional

the licensees so when they come in,

's a reasonable to way to try to

portions of the dryer from a
of view.
DNG: I would like to also add, the

ire example, they did not properly

lhe excitation mechanisms, such as
nance. So in this Reg Guide, we try
e different excitation mechanisms,
licant will consider each one.

R RICCARDELLA: I think it's fair to
didn't fail because the NG stress
lequate, they failed Dbecause they
loads properly.

CARBROUGH: That's correct.
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MEMBE
the loads proper
stress limits.

MR.
with, I think, w
Which I think we'j

weld quality issu

some of the oths

their design to mf

MEMBE

built before NG w

MR.
right? Yes.

MEMBE
steam dryer?

MR. S

MEMBE

MR.

following NG bec
really needed. Al
done a tremendoy
pedigree and th
dryers. I give t
- and they use N

there are some pl

Iy

1)

v

§

q

H

q

q

H

(

I

B!

N

I

I

Cou
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HCARBROUGH :

P

as published,

116

RICCARDELLA: And if you defined

y, they were higher than the NG

We've also had issues

1ld quality on Susquehanna, right?

e since addressed. And Quad Cities

ts, the residual stress problems on

r dryers, they've since corrected

1ke sure that doesn't happen again.

RICCARDELLA: I suspect those were

right?

PCARBROUGH: Susguehanna was new,

RICCARDELLA: Oh, that was a new

LARBROUGH: Yes.
RICCARDELLA: Okay.

SCARBROUGH:: They just weren't

use they didn't feel that it was
d it wasn't until -- licensees have

5 Jjob in terms of improving the

quality of building the steam

iem credit for that. They really -
5 for most of the situations, but

nces where they feel
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do something lesg

with some reasonaf

MEMBEH

MR. W(

MEMBE

MR. W
capture the raj
variation of the
need to be short ¢
fine enough. T
surface loading
address the time
the time step shoj
the shortest peri
the frequency in
time step should
input time increm
the shortest peri
differences of th
the generated loa
distribution sho
particular 1in 3
conservative load

MEMBE

record, I think

I

H
®

»

1

i

1

§

d

I

i

Cou
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input issue,
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and we work with them and come up
le guidance of what's acceptable.
RICCARDELLA: Okay.

NG: Okay. Next slide.

RICCARDELLA: Thank you. Okay.

NG: In the structural analysis, to

id time wvariation and spatial

dynamic input, the input time step
nough and the model mesh need to be
le structural model mesh and the
mesh wusually are different. To
for the time analysis,
1ld be no larger than one quarter of
for

d of interest. As an example,

erest of 250 hertz, the solution

no larger than 0.0005 second. The

ent may no larger than a quarter of

d of interest. To address the mesh
> structural and the loading model,

I distribution and the applied load

Bwld be checked. And this 1is
reas of high stress to ensure
mapping has occurred. Next one.

RICCARDELLA: Just to correct the

or that first arrow, you said one
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quarter, I think
MR. W

correction.

plates to heavy

dryer. The faftigue

acceptance criterfia of the fillet welds

follow ASME Subse
factors, or knoy
factors, are need
total stress for
The total stress 1]
discontinuities,
The 1
methods to calculg
method, the fill
element global mo
nominal stress at
a factor of four
in the second metl
is modeled in the
stress on the thr
by a factor of
methods provide a

MEMBE

third method wher
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You meant one eighth,

| 4

right?

ING: One eighth, yes. Thank you for

Filllet welds are used to connect thin

gsections, such as a typical steam

evaluation procedures and

typically

¢ction NG. The stress concentration

n as fatigue strength reduction

1J

Hd to ensure reasonable estimates of
fatigue evaluation of fillet welds.
ncludes the peak stress due to local
such as a weld.

Reg Guide describe two acceptable

iite for the weld stresses. The first

U

5t weld 1s included in the finite
del without the fillet details. The
the weld juncture is multiplied by
@4s specified in Subsection NG. And
nod, the geometry of the fillet weld
$0lid element model. The linearized
jat of the fillet weld is multiplied
three. And the Staff found both
consistent level of conservatism.

R RICCARDELLA: Shouldn't there be a

4 you would allow an applicant to do
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some testing to

reduction factor?
an awful lot of

four to three, ag
factors are basic
testing.

MR.

Ida)

there where an 4
program. I mean,
MEMBE
MR. 9
We could add that
MEMBE

not written as ex
MR. S

MEMBE

acceptable method

MR. §

wording and the a

MR. M
that?

MR. S

MR. M

difficult for an

of testing to d
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develop his own fatigue strength

Going from one to two seems like

1)

dHdditional effort just to get from
id these fatigue strength reduction
@ally empirical developed by fatigue
CARBROUGH: We could add something
bplicant could propose a separate
this was just examples.

R RICCARDELLA: Okay, well --
CARBROUGH: Yes, we could do that.
R RICCARDELLA: Well, they're kind of
amples, they're --

CARBROUGH: As the two methods,

yes.

R RICCARDELLA: -- written as two

22

CARBROUGH: Yes, we'll look at the
pplicant always --

PRANTE: Tom, can I say something on
CARBROUGH: Yes, please do, Rich.
DRANTE: I think it would be pretty

applicant to do a sufficient amount

Hmonstrate that the peak
NEAL R. GROSS
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reduction factor
here, Dbut I don
applicants would
may be difficult
of testing to a

fatigue strength

currently specifif

MEMBE
and the second st

one that you --

MR. M
MEMBE
MR. 1

value, but what w
model which inclu
fillet, that if vy
on the throat --
MEMBE
MR. M
the root on the th
you would get co
approach, which i
where vyou calcul
juncture and you

in the code. So,

1ls appropriate.
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Now, it can be added

't think, number one, that many

take that route and, number two, it
for them to do a sufficient amount
dequately demonstrate a different
reduction factor than what the code
R RICCARDELLA: The factor of three

cp, that's a code wvalue or is that

(RANTE: No.
R RICCARDELLA: —-- came up with?
ORANTE: ©No, that 1is not a code

H looked at was, if you made a local
ded a nominal representation of the

ju multiplied the stress at the root

R RICCARDELLA: Yes.
ORANTE: -- the linearized stress at
roat and you multiplied it by three,

nparable conservatism to the first

1

§ just more like the traditional way
rte a moment and a force at the
apply your factor of four, which is

we accepted the second method only

NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

on the basis of
study that conser
at, that were con
But, no, the seco
MEMBE
theoretical quest
with in the past,
so greatly on mak
the size of the
that are just mu
changing thermal
conditions, the
brittle to where
only way it does i
In other words,
sufficiently flex
dwells. Can we
have virtually ov
MR. W
steam dryer, I {
internal componen
So thermal stress
MEMBE

stresses are se

change is so gred
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a comparison through a parametric
vative predictions would be arrived
parable to using the first method.
md method is not in the code.
H SKILLMAN: Let me ask this,
ion, but it's one that I've dealt
where the effort has been focused
ilng the structure strong in terms of
weld,

the gussets, the internals,

dth like a Sherman tank, that under

1 conditions or changing flow

strong device has almost Dbecome
it's not able to respond and the
5 by failing a section of the metal.
it's so strong it is no longer
ible for the environment in which it
be in the situation here where we
kr designed, to our detriment?

(ONG: One thing I would comment, the
nhink, sits on top of the reactor
ts, so usually it's free to expand.
may not be a critical issue.

R SKILLMAN:

Well, normally thermal

llff-relieving, unless the rate of

t that it can't relieve itself the
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way it wants to and so, what it does is it fails. It

just goes, clink,

MR. S
important for the
their steam line
functions. I a

bigger, bigger br

you look at what

design your dryen
that, but you don
show that their
that's reasonable
MR.
premise that they
typically ASME c
they exhibit a
These are not maty
And typically, |
ductility or the
unless for certai
here with the faj
fatigue issues,
stress is quite 1

don't know much 4

thermals on produ

and you end up with a split weld.
CARBROUGH: Right. And I think it's

licensees or applicants to look at

1]

4 and what would be their driving
jree with you that Jjust making a
ilck may not be the right answer. If
your forcing functions are, you
so that it's fully sufficient for
t need to make a brick if they can
forcing functions are something
for that dryer.

[ORANTE :

Let's start off on the

lre using ASME code materials. Now,
Nde materials are selected because
significant amount of ductility.
Nfrials that are ultra high strength.
they would exhibit a significant
code wouldn't have them in there,
1 applications. One of the problems
figue is that these are high cycle
which means the allowable maximum
ow compared to a yield strength. I
lbout the issue of rapidly changing

¢ing brittle behavior. If that's a
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real issue, then
MEMBE
MEMBE
might lead to br

components that a

I mean, 1t's st4g
stuff, but --
MR. M
MEMBE

we're dealing wi
very highly irrad

going on there.

MR. S
you.

MR.
blocks of slides

couple are on ing
are just on measy

instrumentation,

where you measurqi

anywhere, whatey

whether 1it's a
measurement loca
vibration and hog

regions, so that

123
1t ought to be addressed.

R SKILLMAN: Thank you.

R RICCARDELLA: The only thing that
ilttle behavior is if you have some
e in a very highly irradiated zone.
inless steel, it's pretty ductile
PRANTE: It's wvery ductile.

R RICCARDELLA: -- 1if you had, 1like
th baffle bolts,

for example, and

liated, there is some embrittlement

CARBROUGH: Oh, okay. Great, thank

AMBRIC: So, the next couple of

are on measurements. The first
trumentation and then the next few
Irement procedures in general. For
section

the first is actually on

And you can't just slap sensors

er 1nternal vyou're looking at,
dryer or something else, the
lions have to correlate to high

cfully fairly close to high stress

they're relevant to a
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structure's condi

SO weg
accelerometers h
response locatio

simulations, so

then use those to
Strain gauge is 4
put those in 1
gradients in stra

to minimize your

put yourself in

strong gradient, t

of gquite a bit or
problematic when
against the simul
And 1
show that the ser
sensor locations
response location
put strain gauges
are usually right
the gauges have t
exactly. So, whq

prove they're cl

assessment betwee

¥

L

[0)]

Cou

(202) 234-4433

Tthey'll

pcations

measurement uncertainty.

® go kind of close to them,

124

tion during power ascension.

added to the Reg Guide was that
iHd to be near peak or near-peak
ns. You get those out of the

simulate the response and
guide the accelerometer locations.

little bit different, you want to

where vyou have minimum

iin. The reason for that is you want

So 1f you
n location where there's a really
hat means you've got a plus or minus

your measurement and that becomes

you want to do your benchmarking

ation.

vpically we ask the applicants to

sor locations, the response to the

ils highly coherent with the critical

So, an issue we have is you can't
on locations of high stress, those
at welds or other joints. And so,
but not
re is that kind of close? And to

se enough, they'll do a coherence

n the peak stress location and where
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they put the ser
strong coherence
high stress locat
MEMBE
this is where you
the sensor  beil
displaying or rev
attached to is di
MR. H
the accuracy of tl
that the installg
stiffness of the
MEMBE
accuracy of the
being deceived be
stimulus, but ng
structure to whic
MR. H
three slides that

MEMBE

MR. §

continue the disqg

again, but --
MEMBE

MR.

125

sor and show that there's a good
there, so that it's relevant to the
ion.

R SKILLMAN: Let's go back. Perhaps
can answer my question relative to
versus the

ng affected sensor

daling what the structure that it is

splaying.
AMBRIC: So are you concerned about
e gauge itself or are you concerned
tion of the gauge is affecting the
structure?
R SKILLMAN: Not so much about the
Jauge itself, more concerned about
dause the gauge is responding to the
Tt displaying the reaction of the
lh it is attached.

AMBRIC: Yes, I think that's the next
we talk a bit --

R SKILLMAN: Okay.

IAMBRIC: -- about that and we can
ussion. Sorry to put you off yet
R SKILLMAN: That's okay. Thank you.

HAMBRIC: So, this next one 1is
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specific to main
procedure has be
oriented strain o
directly proporti
observations we h
whatever reason,
several applicant
measure it one ye
big differences.
noise is way too
the initial Brow
problems,

operato

some cases smal
egregious errors.

So th
have to have at 1
circumference. M
just to give the
sensors fail, and
a standard ope
pressurization c3
what the internal
hoop pressure, ma
And we've

thing.

have been calibrsg

o

P

L

rating

Cou
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onal to the internal pressure.

ave made is it sounds easy,

1s Ferry application.
T error,

]l errors, in

126

team lines. The standard operating

¢come the use of circumferentially

casurements, which when summed are
The
but for
we've had a lot of problems from

S . Repeatability issues, they'll

ar and they'll measure it the next,

Sensors have failed. Background

high, that was the issue we had in
Or Jjust QA
have led to some pretty, in
some

cases really

¢ guidance we've given is that you

kast four working gauges around the

bst applicants go with double that

m some margin in case some of the

they do. We're also recommending

procedure that a static

libration be done, where you know
plant pressure is, you measure your
e sure that you're getting the same
had problems with that too. There

rion errors that we've had to live
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with because they

127

did not go through that test, so

we're recommending that in the future.

And tlhere's always a pretty good gap, a

couple years at 1
application, for
power ascension s{
updated measuremey
power ascension, |
relevant and reasd
the application pf

So 1inf
a little bit, but
that have been abf

were wrong, they

one number, anolf

number, didn't 4

acquisition sy

T

calibrations weurs
differences and tH
were okay. And w
EMI interference
instrumentation wi
thing to do.

So, t(

future, we added

cast, between the submission of an

Aan existing plant anyway, and when
arts. And so, we're requiring that
1'ts be made right before they start
ust to make sure that they're still
nably close to what they got during
rocess. All right.
rplant measurements. These overlap
again, we've had some measurements
the channels

solutely unacceptable,

took one channel, plugged it into

her channel plugged in another
pdate what happened in the data
tem. Humorously incorrect
r  applied, orders of magnitude

ey've tried to convince the results
e set them straight on that. High

P we've had people that run

res next to power lines, not a good

correct for that hopefully in the

some general in-plant measurement
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guidance. Numbe
properly functior
high pressures, h
think, is maybe
gauge calibration
these strain gau
them, but sometip
differently in a
little bit differq

says.

So it

asked the applicq

about, that they
based on a
installation. T4

thickness, wuse

calibration proceg
for in-plant appl
do with strain

calibrating. If
calibrate them agq
it. It's called s
that and a lot of

is good. So I

question or not

128

¥ one, all instrumentation has to

in the plant, high temperatures,
igh moisture content. And here, I
rour question, the as-welded strain
5 are required. So, when you buy
jes, they'll tell you how to weld
es they'll weld them a little bit
plant and the base structure is a

ent from what the calibration spec

's that kind of thing that we've
ints to get a little more rigorous
come up with a calibration that is
representative application or
ke a plate that has about the same
the same

welds, go through the

5 and use corrective calibrations

ications. The other thing you can
gauges 1s they're almost self-
you calibrate them once, you can

jlain by Jjust applying a voltage to
shunt calibration. So, we recommend
people have been doing that, which
don't know 1f that addresses vyour

They prove to wus that the
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calibration is
installation.
MEMBE
towards my questi
these tests are
discipline to ens
gauge, strain gay
that it is
representative off
as opposed to beit
affected by an ex
that gauge to not
it is intended to
MR. H

for in-plant

conditions. So t

then, to make sun

sure they've a
structure. I th
do.
MEMBE
a bad experience
MR. H
MEMBE

here. It took a

1

H

I

i

1n fact

N

1

A

K

K

I

A

I

Cou
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correct on a representative

SKILLMAN: It goes part of the way
bn. And I guess as I think of how
done 1in the field, there 1is some
ire that the location of the stress
if you will,

ge 1is, protected and

giving an indication
the base to which it is attached,
g wedded or blanketed by or somehow
rernal environment that would cause
reflect the underlying surface that
monitor.

\MBRIC: Well, they're all qualified

ressure, temperature, moisture

hat should be taken care of. And
= the cal is correct, we Jjust make
plied it to a representative
nk that's about as much as we can
SKILLMAN: It sounds like you had
\MBRIC: A couple of years worth.
SKILLMAN: -- trying to get to

couple of years to finally figure
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out how do to exa

MR.

[==1

strain gauges, at

plates, done them
final, at least f
proof in the pud
known internal pr
every internal st
there, so that ga
MEMBE
if T remember cori
what's now you're
MR. H
Guide that it's h
we're allowed t
recommended it.
are, don't run
instrumentations
measuring voltage
even data acqu
calibrations that
have noise floors
MEMBE
MR. H

slide. We've ha

130

ctly what Steve's talking about.
IAMBRIC: So they've mounted these
least one applicant has, to flat
again to curved pipes, and then the

Nr main steam line measurements, the

ding was a calibration against the

#ssure. Now, you can't do that with
nucture, but at least we could do it
ve us some confidence.

R CORRADINI: And that is one of the,
lectly, a couple slides back, that's
recommending.

AMBRIC: Yes, we put that in the Reg
1ghly recommended. I don't know if
® use the

word highly, Dbut we

And then, finally, the last couple

instrumentation and don't put the

near high EMI regions. You're

| so don't corrupt the voltage. And
have their own

ilsition systems

need to be done periodically. They
that need to be addressed. Okay.
R SKILLMAN: Okay. Thank you.

AMBRIC: And I think this is my last

@l —-—- because 1it's a nuclear power
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plant, because tH
life issues that
address dealing w
methods that apg
obvious ones to

you've got 60 herf
to go away. RRP

frequencies, Dbut
electrical, so t
drive structures

be removed.

And
whether it's from
acquisition compu
floor. That's
guidance is that j
provided they do
had some pretty A4
back in the old da
come through. 3

reduction.

To ge

called notch filt

set this up in a

easily. But what

131

rre's a lot of EMI, there are real

can corrupt data. We've had to
ilth various proposed noise reduction
licants have thrown at wus. The
get rid of are electrical tones,
z multiples, that's fine, they need
drive frequencies, not vane passing
the drive frequencies, those are
hose are non-relevant, they don't
or anything like that, and they can
then, all

measurement systems,

the sensors, the cabling, the data

ter itself, have a broadband noise
ust life. So, what we put in the
jou can use noise reduction methods,
mot remove excessive signal. We've
tgregious attempts to remove signal

ys, which are not allowed, but we've

b we don't allow excessive signal

i rid of electrical tones, something
ering is typically used. You can

signal processing software pretty

you get in your signal is you get
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this huge dip whq
hertz, there's nag
recommended that
back in to backf
your signal, becq
excitation there.
We've
broadband noise
something called
use a nearby sens
your background
associated with 4
about. So witho
said that's okay,
usually with an
and, once again,
excessive signal.
A mor
been suggested, 1
This is used quit
you've got Phot

wavelet Dbased no

little pops in yol

in a one--dimensi

require that it b

R

L

Cou
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it getting into huge detail,

dshop,
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Hre there's almost no signal at 60

signal at 120 hertz, and so we've

sort of some random noise be put

i1l so you don't get a big dip in

use we know there's at least some

had different approaches for

reduction suggested. One 1is

coherence processing, where you'll

Nr that you think is associated with

noise and remove all signals

hat from the signals that you care
we've
it,

as long as you substantiate

gxample problem or a demonstration

prove to us you've not removed

¢ clever way of doing it lately has

t's called wavelet noise reduction.

c a bit in image processing, so 1if

chances are vyou've got a

ilse reduction there to get rid of

r images. You can do the same thing

onal time series. But, again, we

¢ demonstrated and proven to be not
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excessive noise 1
example problem.
somebody try to
qualify a design
method during
unacceptable, cor
that in the Reg
taking over.
MR. S
MR. H
for another 15 mi
MR. S
MR. H
into the number wi
so if you have a
MR.

next set of slide

you know that we

all the power asg

we've developed of
we have a slow andg
that we have wher
75 percent power
percent increment

for 72 hours at

I

ud

i

Cou

(202) 234-4433

HJuide as well.

(ARBROUGH: Okay.

AMBRIC:

AMBRIC:

15,

133

~duction and substantiated with an

And a big one is a while ago we had

ilse one noise reduction method to

and a different noise reduction

power ascension. That was

sistency 1s required. So we put

And I think you're

I'll take over.

So I'm going to hang around

mutes and then probably duck out.

(ARBROUGH: Okay.

Now, what I may do is call

Nile I'm driving out to the airport,

question during --

CARBROUGH: Great, thank you. The

$, what I wanted to do was just let

ve taken the Lessons Learned from

ension and license conditions that

ller the years for all the EPUs, where

deliberate power ascension process
e we review the plan and there's a

sort of baseline and there's five

$ as they go up and then they hold

85,
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the information 4
chance to take a
to 100 percent, tl

and then 90 days ]

and then they do f

a row and then thd
what they see.
So,
generic Lesson
guidance 1in the
basically are say
data acquisition
time due to aging
Grand Gulf, they
running for a wj
sensors, and so,
about. And how Jy
ascension limits,
frequency depend
typically, I call
the differences |}
sure that by the

they haven't exce

In te

make sure you hay

il

y

|

Cou

(202) 234-4433

had their sensor on,

rms of the peak and RMS,

134
nd make sure our consultants get a

look at it. Then when they get up

ley give us the data within 72 hours

rter, they give us the full analysis
wo refueling outages inspections in

y develop a long-term plan based on

vje've sort of taken that sort of
[learned and applied it into the
Reg Guide. So here these slides

1ng that the sensors and wiring and

systems may change slightly over

And so, all this has to be done.

then they were

ile and they started losing some

fhat's all something to be concerned

ou develop your limits, your power

there's root mean square, there's

ent limits, which 1is what we

, limit curves, where they look at

detween and they anticipate making

time they get to the next level,

kded one of those limits.

you have to

e the proper number of sensors and
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that you don't ha
and forcing funct
you get to what

talk about limit
you have a hold

another, vyou an
anything that's H
A lot of times, wi
resonance pop up

curve or get clo

have to analyze,

And 1
talking about
significant, it's

cause a problem
integrity of the
analyze, the mak
sensors have fini
along. They rean
the methods to a
then you do a fi
full procedures.
In tgqg

update them at ev

change and you ha

135

ve —-- all your important resonances
ilon frequencies are bounded. But if
when we

we call limit wviolations,

curves, there's Level 1, Level 2,

it one point, you reduce power at

§lyze and determine if vyou have
ipppening there that's significant.
jat you'll see is you'll see a sharp
and they'll jump up and hit a limit
se to a limit curve and then they
okay, why is that?

ney do things that Steve was just
in terms of, okay, it's not
just a peak and it's not going to
iln terms of the overall structural
Jryer.

So they give you that. They

2 sure that, like we say, these
He lives, so you want to move things
@alyze, reanalysis you perform using
lticipate where you're going. And
mal structural analysis using your
Next, we have -- the next slide.

rms of the limits themselves, you

@ry power ascension, because things

e small peaks come and go as you go
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up 1n power. Yo
full power level,
limit if you knoy
the next power le
you look at coupl;
having a combinat
acoustics or some
hitting a peak.
But
the Staff monitor
a 24 hour basis.
hour call when th
week time period

sending us data

licensees are ver

get the data, w
consultants, they
that nothing unto
So, there's a ve
experience with w
up in power.
MEMBE
slides, what vyo

response of

ascension?

repl

136

ir responses are projected up to a
you don't want to end up hitting a
you're going to get there before
vyel, so you look at that. And then
Hd resonances where you might end up

ilon of the flow-induced vibration or

thing adding up so you might end up

ne bottom line during all that is
i that power ascension, basically on
I think all of us have been on 24
that

ey're going up, over the EPU,

when they're going up and they're

17

Hnd taking a look at it. And the
v, very good about making sure we
it to our

¢ look at 1it, we get

look at it. They want to make sure
ward is happening, just like we do.
Hy interactive effort there, in my

drking with the licensees as they go

R SKILLMAN: So, Tom, for these three

1're really referring to 1is the

acement steam dryer for a power
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MR. S
is talking about,
MEMBE
This is all about

MR. S

MEMBE

MR. S
kinda I wanted tdg
you can talk abou

MEMBE
colleagues, 1is th
break? We've beer
Let's take a ten
recess until 20 m|

(Wher
went off the reco
p.m.)

MEMBE
we're back in ses
at the slide addrn
to you, please.

MR. S
going to walk us

MEMBE

Go ahead.
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CARBROUGH: Right. That's what this
right.

R SKILLMAN: Making sure we're clear.
an RSD?

CARBROUGH: Right, exactly.

R SKILLMAN: Okay.
IARBROUGH: Okay. And that's -- just
give an overview of that and then
t public comments.

H SKILLMAN: Let me ask my
1s a good time to take a ten minute
)| at it for two hours and 40 minutes.
minute break, please. We are in
1nutes after on that clock.

eupon, the above-entitled matter
rd at 3:06 p.m. and resumed at 3:20
R SKILLMAN:

Ladies and gentlemen,

sion, and let us proceed. We were

essing public comments. Tom, back

TARBROUGH: Thank you. Are you guys

through the public comment slides?

Cou

(202) 234-4433

R SKILLMAN: Okay. You can, please.
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MR. W
from Westinghouss
private individudg
the comments led {
guide. The comme
of the revision 1
the guidance. TH
revisions are sumi
a full list of ¢
were sent to the A
was asking to cla
and what is regul
revised to Dbett
information and w|
guide referred
learned, and alth
the steam dryer,
other reactor int

The o
is high marginal
provides an examp
a factor of 2.0
stress.

MEMBE

2 relative to thg

138

DNG : The NRC received 53 comments
, GE Electric, Hitachi, and then
ls. All comments were addressed;

o several clarifications of the reg
mnts were consistent with the intent
n that they improved and clarified
le significant comments that led to
narized in the following slides, and
ne comments and the NRC responses
CRS. Next slide. The first comment
rify what is background information

rtory guidance. The reg guide was

er distinguish what's background
hat's regulatory guidance. The reg
to the steam dryer for lessons

dugh these examples are specific to
the guidance can be applicable to
krnal components as well.

e¢cond comment asked to define what
safety, and the revised reg guide
le of high marginal safety; it says
for the steam dryer alternating
R RICCARDELLA:

Is that a factor of

oy code limit, or the fact that the
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code limit has a

MR. W
Yes.

MEMBE
requirement?

MR. W

the main steam 11

MEMBE

MR. W
guidance to deter
steam dryer due f{
guide was
sources and incl
which are diffid
discusses that MP
unaccounted sourc
ill-defined bound
modified to ca
conditions wvarig

to non-negligiblg

comment deals wit

revised to be a 11

smallest flow ars
comment also dea

the reg guide was

modifi

139

factor of 2 built into that?

DNG: Relative to the code limit.
H RICCARDELLA: That's the
DNG : That's a guidance for using
me monitoring method.

R RICCARDELLA: I see. Okay.

DNG : This comment asks to provide
mine the hydro-dynamic loading on a
o water boiling rumbling. The reg
ed to clarify the boiling water
wde other internal dynamic forces
hlt to quantify. The

reg guide

N bench marking can account for any

D

2s. The next comment deals with the

ary conditions. The reg guide was

11 for assessment of boundary
bility when that variability leads
| response differences. The next
Ih CFD validation; the reg guide was
ttle more flexible by replacing the
As with small sole passages. This
lls with CFD wvalidation; similarly,

revised to be less rigid, replacing

NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

maximum passable
velocity. Next o
This
measurement pred]
supplemental and
revised to clarif
helpful but not al
marking is used.

the chemical

strength reductig

discussed in the g

the method two
consistent with
guidance, and the
of the different
found both method
MEMBE
studies, they did
and used four, an
and used three an
MR. W
MEMBE
through all the e

you're going to g

MR. W

140

flow velocity with high local flow
me .
that low

comment requests

lction comparisons should be made
mot necessary, and the guidance was
that supplemental measurements are
ways necessary when end to end bench
Next one.

This guidance asked for

asis for reducing this fatigue
n factor from four to three. As
tructural analysis lessons learned,
conservatism

provides a level of

the ASME codes of section NG
NRC reviewed the parametric studies
tases using method one and two, and
$ acceptable.
R RICCARDELLA: So the parametric
the model in the conventional way
d then they modeled the fillet weld
@ got the same answer or higher?
ONG: The answers are similar.

R RICCARDELLA: Why would anybody go
ffort to do the local model then if

et the same result?

DNG : They may have other complex
NEAL R. GROSS
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geometries this K|

MEMBEH

MR. M

add that hopefull

one. We follow th
welds, because ydg
and complexity of
it.

MR.
comment deals wi
allowance for sp
for any new compol
add flexibility 4
new components t
But the reg
instrumentation
operating experid
for the applicant
comment, the reg
fuel samplings d
the comment sug
address test conft
the reg guide was

one. The comment

or two componentsg

141

ind of alternative method.
RICCARDELLA: Okay.
DRANTE : But I would just like to
vy people will just go with method
¢ traditional way of handling fillet
u're right, the extra complication
the model seems to be hardly worth
JONG : Okay, thanks Rich. The

th the pre-operational testing at

fcification for no i1nstrumentation

fents. The reg guide was revised to

b allow for no instrumentation for
hat have no operating experience.

guide basically said consider

ffor new components that have no

nce, and try to allow flexibility

to apply instrumentation. The next

guide discussed the disposition of
iring pre-operational testing, and

dests that the reg guide should

ilguration and condition as well, and
revised to add the guidance. Next
brought up in a situation where one

were replaced, and the FIV effect
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on these two com

the effect on the

components are ingignificant,

the classificati
reacting internal

revised to add 4

situation. Next
In t
perform rigorougd

theoretically de
finite element

provocation of th
difficult, and d
Most of the uncq
addressed by usin
reg guide already
marking, it can

level Dbench mar
further address t
to mention the
assumption, and 10
marking. This coj
certain places it

to total stress,

terminology consi

142

ponents are significant; however,

rest of the reactor internal
and how do we address
on and instrumentation of the
components? So the reg guide was
section to address this specific
one.

his comment, it was stating to

statistical analysis for the
rived forcing function, and the
analysis uncertainties, and the

H variable uncertainties can be very
jes not add wvalue to the program.
rtainties during the analysis are
¢ conservative assumptions, and the
mentioned if using end-to-end bench
climinate the need for component-
and to further

ing, clarify--to

he comment, the section was revised
acceptable wuse of conservative
bt to do the component level bench
iment point out in the reg guide, in
used the term peak stress to refer

ind the reg guide was revised to use

stent with ASME Subsection NG. The
NEAL R. GROSS
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next one, 1t men

testing, the te
conservative with
revised to allow
if the test resul
MEMBE
how would you kno
MR. W

the reg guide sa

conservative boun

the fuel assemblil

pre-operational t
is the wording c

for the applicarf

reasonable resulty.

with the actual
operational test
fuel assemblies.
MEMBE
MR. W
if there are no r
the reactor core
weight, typically

in the core to si

MEMBE

1

1

1

H

Cou

(202) 234-4433

YS,

2sts without fuel assemblies.

R SKILLMAN:

(ONG :

143
rioned that during pre-operational
ting results not

may always Dbe

put a fuel, and the reg guide was

resting without the fuel assemblies

s will yield reasonable results.

SKILLMAN: How would one know--
v that?
ING: The way the current wording of

only if the tests results are

ding the actual plant operation with

es; otherwise, you cannot run the

So it

onservative that may cause problem

t. So we revised the word to say
If the results are consistent

plant operation, then the pre-

dan be run without the real or dummy

Is that commonly done?

Yes, for pre-operating casts,

¢al or dummy fuel assemblies put in

o simulate the pressure drop or the

people will place flow restricters

mulate the flow and pressure drop.

R SKILLMAN: Thank you.
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MR. S

MR. W
an example of a
reactor pump rir
pointed out that
not point out ths
as the sole causs
saying the react
may have contriby
conclusion, the r
the prototype cl
address as many
reactor applicy
applicability to
provides improveq
frequency excitat

were addressed a

And finally, th

o

production.
presentation.
MEMBE
ask a couple of
and perhaps my c
their review. So

these. It would

144

(ARBROUGH: Okay.

ONG: In the reg guide, it mentioned
steam dryer failure caused by a
g passing frequency; the comment
the root cause for the failure did
| reactor pumping passing frequency
y, so the NRC revised the statement
dr coolant pump passing frequency
ited to the fatigued area. And in

39 guide 120 was revised to simplify

issifications from eight to three,

lessons learned from EPU and new
Wtions, ensures a reasonable

SMRs. The revised reg guide
il guidance to the different high-

ilon mechanisms. The public comments

md led to several clarifications.

U

H reg guide 1s ready for final

hat's the conclusion of the

R SKILLMAN: Okay, I would like to
questions if I can from my review,
dlleagues will have questions from
let's take some time and go through

help if you have a copy of the reg
NEAL R. GROSS
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guide.
MR. S
MEMBE
the top of page 1
MR. S
MEMBE
going to refer td
page, and I'll gy
in context. "T
induced by flow
acoustic resonan
instabilities, vi
exitation, and flf
not only in the 11
but also in the dg
you explain lift

MR. W

and stream wise 1

MEMBE
stream? Are thqg
users of this regq

MR. 4
add?

MEMBE
ahead.

145

CARBROUGH: I've got it right here.

R SKILLMAN: If you would look at
CARBROUGH: Okay.
R SKILLMAN: The sentence that I'm
is the sentence at the top of the
bte that sentence so my comment is
hese mechanisms include vibration
turbulence,

turbulent buffeting,

te, exitation by separated flow
bration induced by wvortex shedding
1id elastic instability. FIV occurs
llIft or normal to the flow direction,
ig or stream wise direction." Would
and stream wise, please?

DNG : The 1lift is the cross flow,

&
|
|

R SKILLMAN: In the direction of the

se terms thoroughly understood by
guide?
TADA: Hello, Samir Ziada; can I

R SKILLMAN: Please, yes sir. Go
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MR. 4
flow induced vibr
this, thoroughly
because of the mer
vibrated in plane
wise, and also bed
in Japan, in a n
has failed due {
direction. So it
induced wvibratioi
stream or the 1lif

we can add clarif

MEMBE

and user of many

surprised that ot
understand what

clarification I t

MR. S

MEMBE
subcommittee, and

MR. S
you.

MEMBE
on for document
vibration, and at

A

I

U

Cou

(202) 234-4433

N what 1is

R SKILLMAN:

TARBROUGH:

H SKILLMAN:

146

TADA: Yes, somebody who is doing
tions, they should be familiar with
understood, and this was added

tioning about SONGS because the two
which can be -- refers to the stream
ause of a problem of thermal couples
iclear power plant in Japan, which
b —-- vibration in the steam wise
is quite known in the field of flow
and

stream wise Cross

1. If you think it is not so clear,

1cation for this.

As an experienced nuke

documents 1like this, I would be

ners like me might at least pause to

that means. So a footnote or

hink would be wvaluable.

Okay, we can do that.

But this 1is a
that's one man's opinion.
CARBROUGH :

We can do that, thank

R SKILLMAN: Okay, next comment is
page 16, it's under modes of
2.1.1.1, the sentence that is my
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target for commen
"The differences
natural frequenci
ranges for FRS an
example, if bench
natural frequenc
percent of those
are computed ove
question is, what
of uncertainty?
very gently earl
gets to uncertair
that number?

MR. H
on the phone now
mode shape, a sim|
and then you see
and look at the d
modes, you can |
percentage, and y

plus five or 10

percent in there

d

f

Il

i

L

i

u

i

]

L

I

the math -- not 7
for all applicati
MEMBE

Cou

(202) 234-4433

T
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is about the third under 2.1.1.1.

between measured and simulated
s are used to establish uncertainty
I final response calculations. For
marking reveals that the simulated
es are within plus or minus 10
measured, FRS and final responses
that range of uncertainly." My
sets, or how do you know that range
think you may have touched on this
er in the presentation, but this

ties. How do you know? Why pick

\MBRIC: This is Steve Hambric; I'm
Typically they have a measured
1lated mode shape, and your dasher,
what the residence frequencies are
| fference. If you do that for many
sually come up with a bracketing
ur model is plus or minus--accurate
percent accurate. We just put 10

as a typical wvalue that if you do

ecessarily one that has to be used
ns.
SKILLMAN: And I see that the

NEAL R. GROSS
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wording allows fd
get it.
paragraph from th
structures might
boundary conditig
conditions. Whe
than minimal eff
variability needs
would one know whg
sounds like enfon
out in the field,
opinion versus if
baseline that we
discussion.

MR. S
look at that ang
better than "mord
with some sort o
clarity there.
really open to irf
add--

MEMBE
substantial, or
minimal? Well, i

words are really

Thank youl

148

r that interpretation, Steve, so I
Next comment is on page 17, third
"Some

e top, and that sentence 1is

have wvariable or ill-defined
ns during normal reactor operating
n boundary conditions have a more
their

ect on component response,

to be addressed." Question, how
It 1s more than minimal? That almost
cement language that we dealt with
where more than minimal is someone's
you will a measurement based on a
could agree on before we begin our
CARBROUGH: Yes, we'll go back and
| come up with some better words,
f than minimal™ and try to come up
i example that would give you more
I can understand how that--that's

terpretation. We'll see if we can

If SKILLMAN: One could say
what's substantial? More than
s it less than significant? Those

complex for the implementer.
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MR. S[IARBROUGH: Right, right.

MEMBER SKILLMAN: Thank you. One or two
more comments if [I could.

MEMBER BLEY: Let me say something on
that one.

MEMBER Skillman: Please.

MEMBEH BLEY: Because the way I

interpreted the d
was here was that

to be laid out, 14

and the applicant

don't think we'rg
looking for a des
MEMBE
MR.
exactly true. Th
in terms of what'
MEMBE
negotiation, but i
both sides are ab]
MR. S
MEMBE
next comment is g
the topic of 1

earlier. I just ¢

iilscussion I heard from Steve when he
this is a thing that really needs
oked at and discussed between staff

, So whatever your language is, I

| looking for a bright line, we're
cription of the process.

R SKILLMAN: Bingo.

HCARBROUGH : Yes, Dbecause that's

ils is a give and take a lot of times

25
|
|

R SKILLMAN: I recognize this is a
|t needs to be one of precision where

lle to come to agreement objectively.

CARBROUGH: I agree.

R SKILLMAN: My only point. The
n page 19, and this has to do with
ck-on, and Steve mentioned this

sliimply wanted to suggest the context
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of the words on
replacement stear
concept can be an
in a B, it can b
the gquestion how

that lock has occt
out of it, becausq
some reason at le
back away from {
doesn't want to ]
lock-on 1is impo
recognition. It
connected. It—+
Verde. It locke
that EKE line, re

swaying.

MR. S

one example 1is f{

Cities where they
for the relief va
get away from tha
when they went up
they still were

increased the flo

back off on them.
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page 19 generally apply to the

| dryer; 1in reality, this lock-on

ywhere. It can be in a P, it can be

1J

7 in an SMR, and it kind of raises

do you get out of the lock-on? Once
jrred, what do you have to do to get
§ they are strong couplings, and for
st I can't explain, when you try to
locked. It

he lock-on, it stays

>t go. So I think this concept of

ntant, and there needs to be a
isn't just replacement steam dryer
lock-on 1is what happened at Palo
il on, and no matter what they did,
sidual E line kept on vibrating and
JARBROUGH: Right, and we--you know,
he locking that occurred at Quad
ended up changing the stand pipes
lves drastically, so that you would
t lock-in. And whereas at Dresden,
in power, they hit the lock-in, but
increasing power, so they still
right on through it, so it dropped

Whereas Quad Cities,
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in, they were si
And so vyes,
more discussion o
concurrence.

MEMBE
you have a sectio
BWR steam dryers
dryers. Are yd
guidance for pres
just seems to me {
draft regulatory
surgically focus
reality, perhaps
for SMRs, there 4
internals, and sp
I would just obsq
each of those may
Not problems, con
to address diffe]
those.

MR. S
looking at this,
maybe taking thq
moving it to an 4

that, that would

we'll

151

tting right at 116 percent power.
go back and look at this and add
f this concept that applies to more
R SKILLMAN: Thank you. On page 32,
m that is dedicated to guidance for
| specific guidance for BWR steam
b1 inviting the need for special
qurized water reactor internals? It
hat here is this rather overarching
to be somewhat

guide; 1t seems

rd  on te when in

Fany

steam dryers
there should be specific guidance
hould be specific guidance for PWR
Hcial guidance for steam dryers, and
Hrve from my years in the industry
have a unique set of considerations.
siderations, things you might want
lently for the differences between
CARBROUGH: You know when we were
there was a lot of discussion of
2l BWR

steam dryer discussion and

\bpendix. If we did something like

make 1t more possible to have a
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different appendi
SMRs . I know
inspection proced
in one appendix,

appendix where w
just talking abou

jump back and for

take a look at thi

where we could, if

put in for PWRs 34
steam dryers, but
where with the nej
now, we might hav
MR. I
just said right t
MEMBE
MR.
additional experi
on the experienc
cetera, and the
dryers. So as
experience or 1
reactors, learn

that in there at

MEMBE
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x for PWR internals or appendix for

e've done that with other, like
ures where we want the focus on MOBs

and air operated valves in another

D

¢ could spend that whole appendix
t that one topic, and not having to
dh so much. So we could go back and
5 and see i1f that would be something
we have some guidance that we could
iInd SMRs, maybe not as detailed for
to kind of give--start the process
dt revision of this a few years from
k even more guidance for PWRs.
JPOLD: That's a key statement he
here--
R SKILLMAN: I got it.

I.LUPOLD: --is 1f we have that

D

gnce. Right now, this red was based

5= we've had since Quad Cities, et

Mast majority of it has been steam

we--if we accumulate additional

ssues with PWRs, small modular

dthings about that, and we can add
that point.

R RICCARDELLA: the lead
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in to that parag
history of advers

MEMBE
comments. I'm on
locating of the st
and the sentence

evenly spaced an

necessary to filt

got stumped at ng
this a term tH
industry?

MR.

discussions with

common type of dig

many times in tert
of--we'll go back
more language to

sort of a jargon

MEMBE

or the descriptio

o]

MR. H
a --
MEMBE
physically?
Cou
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make it even more clear.

R SKILLMAN:
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raph discusses SSEs with no prior

e effects.

One or two more

page 33, and this is explaining the

rain gauges on the main steam lines,
is "At least four strain gauges,

ound the pipe circumference, are

er non-breathing signals." And I

n-breathing; is this jargon, or is

it 1s commonly recognized in the

SCARBROUGH: It's—--from the

Steve Hambric, yes, this is a very

cussion; he's used that terminology

s of explaining this to me in terms

and talk to him about if we can add

But it is

that his folks use in terms of how-

A footnote or a lexicon

m of terms of what is it?

AMBRIC: This is Steve, we can spend

H BLEY: Steve, what is it
NEAL R. GROSS
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MR. H
entire internal -

(Simu

MR. H
valve.

MEMBE

a circumferential

internal pressure]

MR.
That's the breath
else we don't c3
overring, all tha
MEMBE
comment that I wg
of the term ints
already heard me
(Simu
MEMBE
those very easily]
up. And I want
prototype, becomi
prototype to a norj
I would have sta

then an identica

colleagues and ps

154

AMBRIC: Oh, it's a hoop motion, the

ltaneous speaking.)

AMBRIC: -- that's pushing the tie

R BLEY: Okay I get it. So this is

oscillation just simply due to the

HAMBRIC: Yes, the hoop strain.

ing that we care about; everything
re about. The steam motion, the
t gets filtered out.

R SKILLMAN: Thank you. The final
uld make is the comment on the use
rnals

important to safety; vyou've

ltaneous speaking.)
R SKILLMAN: -- and you can find
on a word search, because they pop
to also repeat my comment about a
ng a valid prototype to a limited
prototype. I find those confusing;
rtted with a first of the kind and
1 to first of the kind, but my

rhaps our consultants might have a
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comment or two that any of them may wish to make, so

with that I'm goi

here to offer any

to the public. Sq

comments, please?

MEMBER
what vyou said.
prototype, refer

prototype, the

<

ng to halt and allow my colleagues
comments they may have before we go
colleagues, might any of you have
BLEY: I'd only add one thing to
Those early pages that describe
ence to

prototype and not a

ords didn't bother me, but the

details as we've |talked in our discussion 1s where I

think the problemn
MR. S
back and try to
clarify when you'
or what would drivy
to another one.

that and get ourn

with a better lamguage for that,

strikeout of that

MR. MARCH-LEUBA:

we members of the

MEMBEH
this point, and
Leuba.

MEMBEH

exists.

CARBROUGH : Yes, we're going to go
rdd examples and guidance to help
1l be pushed from one to the other,
e you to be one of those ask opposed
We're going to go back and look at
consultants together and come up
and do a redline
area.
As invited experts, are
public, or can we talk?

SKILLMAN: You are a consultant at
so we welcome your comments, Dr.

BLEY: Invited expert.
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MEMBE
sorry.

MR.
consultant, rightf

invited expert.
Number one, I did

dryer about sts

calculations, whi
conditions, how m
steam line. Y
droplets, which
impact if,

MR. S
see 1f that's covs
add

something t

Carryover effects

MEMBE

MR.
there?

MR. H

MEMBE
point is well ta

you to a more coj

Iy

I

-

If

I
q

I

I meanfr

I

margin? That's w
MR. H
Cou
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ju always

one will

JARBROUGH:

Hred,

0 talk

R CORRADINTI:

SICARBROUGH :

AMBRIC:

R CORRADINI: So I

AMBRIC:
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SKILLMAN: Invited expert, I'm
MARCH-LEUBA: Yes, I'm a paid
Yes, I'm Jose March-Leuba, I'm an

I wanted to have--two thoughts.
1't see any discussion on the steam
am or liquid carryover on the
h has a big impact depending on the
ich leak will you carry over to the
have two

one, percent

imagine will have a big
Okay, I will go back and
and if it's not covered, we'll

about that. Thank vyou.

i okay.

Is Steve on the phone?
Steve, are you still
Yes, I'm here.

think Jose's
I'm wondering does that drive

en,

servative calculation or gives you

hat I was wondering.

You're talking about 1like
NEAL R. GROSS
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the water volume
MR. N
carried over by t

the wall, and the

MR. H
itself?

MR. M

MR. H

that would be tak
correction. So t
at least I'm not
reason the as-mea
from the simulat
would be taken ca
MR. M

droplets hitting
course, it's only
MR. H

thinking about?

MR. M
window, the windo
MR. H
MR. N
take it to be imp
MR. H
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fractions?

IARCH-LEUBA: Yes, liquid droplets
lhe steam that are moving back along

y have a lot of mass.

Oz

AMBRIC: Oh, on the dryer structure

ARCH-LEUBA: Yes.

AMBRIC: Right, right, right. No,
en care of with the end to end bias
hey don't model that typically now,
aware that they do, but for some
sured stream differed significantly
#d stream that would be carried--
re of by a bias drill.

ARCH-LEUBA: One would expect water
the walls to have a big impact. Of
one percent.

AMBRIC: What sort of impact are you
1ike a damping incident or a--
ARCH-LEUBA:

When you're raising my

w makes noise.

AMBRIC: Right.

INRCH-LEUBA : So, I mean I always
drtant.

AMBRIC: So you're talking about a

NEAL R. GROSS
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force of exitatio

MR. M
correct.

MR. H
would be, again,

correction, the 4
tries to calculat

a fluctuating loa

the sample, along
rain on the rog
droplets. Tom, Y

we can throw that

MR. S
Steve.

MR. M
that the effici

extremely depende
were to -- lower
So depending on
will have--inste
percent carryovery
liquid.

MR. S
in the power asce

need to conside]

4

[

§

Cou
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R

nt on the flow,

Hd  of

(CARBROUGH :
msion,

n, because

=4
.

ANRCH-LEUBA: Addi

AMBRIC: Right,

f kind of

bu can take a 1lit

CARBROUGH: Yes,
ARCH-LEUBA:
qncy of the steam

SO

flows, there 1is

Right,

NEAL R. GROSS
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excitations

I got it.

he flow where you operate to,

one percent,

carry—-over
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tional exitation,

okay. Yes, that

aken care of by the end to end bias

ame way that--the fact that nobody
> the boiling water loading, that's
ling of the -- so we can add that to

with flowed water that can also be

for water

tle note of that,

in as part of our discussion.

Thanks,

And also keep in mind

separators 1is
for example if we
higher carryover.
you

you have two

, and you may double the mass of

so as they go up

these are factors they would

would have
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changed.

MR.
separators are st
don't skid as mud
steam from the 11

has to consider.

MR.
you. We'll add t
MR. M

are used to my ac

I wasn't going t

a revolutionary c
MR. S
MR. M

for the staff to
repeat that.

MR. S

MR. M
difficult calcula
believes the ans
require a measuy
works. What we
protect the safet

public is protec

calculation. By

159

MARCH-LEUBA: Because the steam

eam, 1f you have rubber floors they
h, and then they will separate the

quid as well. Just the lessons he

SCARBROUGH : Right, right. Thank
hat.
ARCH-LEUBA: And now that you guys

¢cent, I'm going to throw a really--

® insult him, but it's something of

oncept.
CARBROUGH: Provocative.
ARCH-LEUBA: What is the value added

review this calculation? Let me

(ARBROUGH: Okay.
[IARCH-LEUBA:

This is an extremely

tion, which frankly, not even Steve

wer to, and then he 1is going to
ement to confirm that everything
re doing--the staff is tasked to

v of the public.

| 4

The safety of the
ded by the experiment, not by the

reviewing the calculation, what you

NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

are doing 1is p

licensee. The 1i
risk and saying i
have to stop my
reviewing the cal
safety of the st
been involved in

but I can see thg
really don't 1i
uncertainty, it h
a lot of cost and
the licensee run

calculation; I'

calculations. Yot

look at the resulf

MR. S

question. When

event started, we

They had their fin

it apart, they
thicker. A few
you know. A few

they kept welding

AN}

we'll Jjust weld
eventually, you k
Cou

(202) 234-4433

rotecting

4ff or the public.

Hs the bring me a rock syndrome,

months later,

ow,

160

the investment of the

densee is investing the money and at

f I don't pass those tests, I will

reactor and do it again. So by
culation, we're not protecting the

Okay, so I've

many, many reviews on the NRR side,
poor guys from the licensee, they
de those reviews because it has

and
time. One option would be to have

it at their own risk. You run the

m not saying don't run the
il run them, we'll look at them, we'll
ts.

(ARBROUGH: Okay, I can answer that

we started--when the Quad Cities
had sort of had that philosophy.
st failure after 90 days, they broke

relded it back together, made it

they broke it again,
months later, it broke again ---
it back together, and kept saying

it back together, right? And

they decided they were going to
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replace the drye
calculations and
going to be fine
their relief wvalv
down of Quad Citijg
Remember that?
this rack and
sympathetically b
New Year's Eve.
looking at the ar
the point our off
that's enough, ws
we've lost confid
to analyze this
going to operate
And s
analysis, we broy
Morante to look
we've had from A
the analysis and
some significant
as we went along
office director,

and our concerns ’

test reactors. W

forever, right?

161
r, right, and they did some more

We're

II

Haid we're good to go, right?

And then they shook

D]

H4s, so they almost had a double blow
Hs, right, on New Year's Eve, right?
Where they would have blown down
have

probably would have--might

lown down the other rack, right, on
3o there's a lot of consequences of
alysis, and when we finally got to
1ce director NR said that's enough,
're not going to keep relying on--
ence in the ability of the licensee
problem and ensure their plant is
safely.

b when we started looking in this
yht in Steve and Dr. Ziada and Mr.
Ht all this,

and other consultants

rgonne, Dr. Shaw. We've looked at

As we've looked at it, we've found
droblems in how they did it. And so
and when we met again with the NRR
and we told him what was happening

his answer to me was these are not

je're not going to start this plant
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up and find out
confident that t}
they get up and ¢
steam dryer fly g
steam line, or thdg

valves apart and

was a direction
confidence in the
its reactor so 1
problem is, it's
that there's a 1lo
place to make suf
the licensee is d
a number of p
unacceptable and
MEMBE
missing his qu
experimental pow
protection; the
That's what I thi
MR. M
MR. S
from my office di
run this plant

breaks; we have t

|

4

19D

i

Cou
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leir analysis 1is credible,

fhat we got,

T can be operated safely,

laces

R CORRADINI:

estion.

ir ascension 1s

ARCH-LEUBA:

162

what happens. You need to be
so when
ower,, they don't want to have the
pbart and go in pieces all down the
y're not going to shake their safety
blow down their reactor. So that
that our job is to have
ability of the licensee to analyze
and the

as you said, it's so complicated

t of interaction that needs to take

e that we're comfortable with what

bing, and over the years, we found

where their analysis was

they had to make corrections.

But I think vyou're

His question is the

showing adequate

nalysis 1is 1investment protection.

mk his point it.

That is my point.

CARBROUGH:: But my marching orders

Nector at the time was we just can't

o in power and see 1if the dryer

® be comfortable before it goes up,
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or Scarbrough you
was the marching
I've been involve
here is we're put
of those years of
applicant comes i
okay, these are a
And one of the f{
want this reg gui
that if they foll
do all the deta
about that we'rg
it all here, and
this, what 1t is
reactors with tie

Tier
whole analysis o
it's an encyclops
how they had to
about is if they
and it's a commiti
make all that enc
they have to make

so then we would

as opposed to do

a

1

1

y

d

i

i

]

it

q

i

Cou
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re in trouble, right? And so that
orders that we've had ever since
1. And so I think what we're doing
ring down guidance that puts in all
lessons learned so that when a new
, & new licensee comes in, they can
1 the things I need to think about.
hings we talked about was for--we
e to be sufficiently informative so
w this reg guide, we won't need to
led analysis that vyou're talking
doing; that they're going to have
they're going to follow through on
we've talked about with the new
2 star.
star as you know with ESBWR, that
the steam dryer is tier 2 star,
dia worth of documents in terms of
o it. One of the thins we talked
put this reg guide in their ITAAC,
ent that they follow this, we won't
clopedia tier 2 star. This is what
sure they follow in the ITAAC. And
verify that they're following this

ng all the detailed analysis that
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we've done in thdg
following the gul
some of the thi
understand your p
we're comfortablg
ascension, to mak
MEMBE
little further, y
do this; that's 1
it at the NRC?
director says we
this?
MR.
problem, it's yes
MEMBE
numerous occasion
investment prote
thought harder al
issues, and esped
of a reactor cool
MEMBE
in the public's p
MEMBE
MEMBE

public that the

HCARBROUGH:

¢ sure—-—

R BLEY:

ant system.

krception.
KR REMPE:

R STETKAR:

NEAL R. GROSS
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If there's

re's a nuance between
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past, that we verify that they're

So that's

ngs we're thinking about, but I
®int, but we need to make sure that

ff before they start up the power

R REMPE: But the pull the string a
dju said your office director said to
bt how we usually change things is
I mean, 1is that enough that the

will do this, and the staff does

a safety

One thing we've seen on
s is things that were envisioned as
dtion; once they happened and we
out them, they turned into safety

ially anything that might be parts

R STETKAR: And it's certainly true

I just am wondering--

Trying to convince the

something
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breaking inside
important to safd
of what you might
public has been
issues.

MR. N

essential testing

stop when your st

percent of limits
MR.
fortunate now thd
got up and were r
apart, right, and
time they made it
So they make it u
that was the phil
MEMBE
analysis and the
they were doing t
MR. S
completely—-
MEMBE
Jose's point.

MR. M

that will put 10

L

"

HCARBROUGH:

Cou

(202) 234-4433

IARCH-LEUBA:

» for a while,

It RICCARDELLA:

H RICCARDELLA:

ARCH-LEUBA:
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a reactor vessel that is not

ty is really difficult, regardless

think about that. That's why the

o concerned about the steam dryer

Yes, but during the
you must load methodically and you

eam gauges tell you you are at 20
you don't break anything.

and we've Dbeen

Yes,

--now Quad Cities, you know, they

unning for 90 days and they blew it

then they tried it again, and this
six months and then blew it apart.

but they didn't--and

osophy we had back then.

They had the

strain gauges and all of that when

his?

CARBROUGH: No. No because it was

That's

exactly

I know a few licensees

times more instrumentation for your

NEAL R. GROSS
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ascension testing
that has to be re

MEMBE
to repeat the po
approved testing |
to have a detail
said and done, fo1
to do the analys
program, but ye

ascension testing

proof of the pudd
MR. Z
please?
MR. S
MR. 7%

SONGS again. If
reg guide 1like 1
likely the proble
design time. F
classified as a

have designed. {
been--must have
happened, and thi

and Unit 2 with t}

should have look;g
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[, rather than do it on a 1license
viewed.

R CORRADINT: I think that's--just
iint . The point is if you have an
djrogram, doesn't that trump the need
ed analysis? Because when all is
1 safety demonstration, if they have
is anyway as part of the testing
Tt the

experiments or the power

with instrumentation is really the

1ng.

MADA: Tom, can I add something here
CTARBROUGH: Yes, go ahead Samir.
TADA: If we take the example of

$ONGS had been built according to a
his reg guide at one point, most
m would have been caught during the
irst of all, it would have Dbeen
orototype, the largest Mitsubishi
ccond of all, the codes would have

been wvalidated, which has not

rdly, the difference between Unit 1
e clearances between the two. They

§5d at 1t and it should have shown
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that it has no ¢«
addressed clearly
can put it and t
anything with it.

MEMBE

though that the j

testing, it's
analysis.
MR. Z
MEMBE

Jose's point is t
review how well

analysis, 1t pr
completely also 1
The real proof if
the testing or by

MR. M

little break, let

don't do the ana
analysis.

MR. S
of our philosophy
the third or foux
when my direction

MEMBE

167

ffect. So these three issues are

in reg guide 120, and where they
gst it, but it still is--we can do
R RICCARDELLA: I think the point is
droof of the design isn't Jjust the
that the

testing wvalidates the

TADA: Correct.

R RICCARDELLA: But still, I think

hat well, if the staff were just to
dhat testing did at wvalidating the
obably wouldn't be necessary to
rview the details of the analysis.
the validation of the analysis by
the measurements.

ARCH-LEUBA: And now that I have a
me emphasize that I'm not saying
llysis; I'm saying don't review the
IARBROUGH: Right, and that was sort
after about the third or--up until
th Quad Cities failure, and that's
changed.

R RICCARDELLA:
NEAL R. GROSS

But that's 1long

Cou
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behind us now.
MR.
getting--that's w
writing this reg
reg guide, we dor]
anymore, right,
reasonable approa
why this reg gui
trying to pull in
MEMBE
to you; so maybe
follow the reg gu
you'll simply do
testing compared
analysis unless t
MR. S
to Dbe 1in charge
intended to be a
that the staff
anything that yo
Our job is to loo]
if they come 1if
following this ar

I think it's mon

that they're foll

q

q

M

i

H

1

I

\

N

)

Cou

(202) 234-4433
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FCARBROUGH: I know, and we're
ly we're putting this in here, we're
guide, because if they follow this
't need to do th detailed analysis
because this tells them what's a

h and what's acceptable. $So that's

e is so important to us, is we're

all this lessons learned.

CORRADINI: So let me say it back

we misunderstood you. So if they

de, you won't review the analysis,

as suggested, you'll look at the

to the analysis, but not review the
lere's some deviation?

ARBROUGH: I don't know who's going

of that, but following this is

ceptable, right, and I don't know

vould Jjust say we never look at

do, because that's not our job.
at what the licensee presents, but
and they present that they're
d they're following this approach,

e of a confirming--for confirming

bwing the reg guide;

NEAL R. GROSS
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breaking new grou

following the req

It would be a dif

a confirmatory rg
which is basicall
is credible.

MR. I
application and

following the gui

if they are wusi

guidance, evaluat]
say —--you wouldn'
well, we followed
if you did that, f{
-here's the safet
MEMBE
have any further
any comment, sir?
MR. K
My concern echoe
defd

about your

prototype 1limitd
implication acrogq

terminology going

will be adopted ir
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md, we'd be confirming that they're

guide. So it would be different.

ferent type of review, it would be

View as opposed to what we do now,

Vv making sure every step of the way

4

JPOLD: We would still review the

make sure that the licensee 1is

dance which is in the reg guide, and
ng something different than the
> that. I mean you wouldn't Jjust
t just accept a statement that says
reg guide 1.20, and we said oh okay,
then you're fine to go, here's your-
We would not do that.

¥ evaluation.

R SKILLMAN: Good. Jose, do you

qomments? Dr. Kirchner, do you have

[RCHNER: Yes, thank you Chairman.

4 some of the earlier questioning
nitions for

prototype and non-

2d, et cetera. What is the

s the Commission for use of that
forward?

Is this something that

| other reg guides, and I'm thinking
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ahead to multipldg
the new SMRs comi
definitions for W
prototype, et cet

MR.
definition have 1}
the reg guide. I
number of diffe
simpler--

MR. K

this reg guide, ar

elsewhere as theg

designs, et ceterf

MR.
direction to use
this point. We hj
MR. S
reactor kernels,
trying to define
just this discuss

MR. W
AP-1000 uses prof
for their B plan

internals.

MR. K
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module plants like the AP-1000 or
g before you. Is this a new set of
hat is a prototype and a validated
era??
WONG : These different type of
een used in previous revisions of
m revision 4, we simply reduced the
make it

rent classifications to

TRCHNER: My question is beyond just
d in terms of using that terminology
Commission takes

up new reactor

LUPOLD: Right now there 1s no
this in any other application at
iven't looked at that at this point.
CARBROUGH :

Right, this is just for

just in this application. We're not
prototype or limited type beyond
1on that we have here.

DNG : You mentioned about AP-1000;
Hotype/non-prototype classification
and subsequent plan for the reactor
I think Mr.

IRCHNER: Now secondly,
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Lupold already su
seems to me that
here obviously in
word generic; tha
PWRs as well as
pull out the ste
appendix as you su

and perhaps this

you're doing a ]

design criteria
learned. Is thi
that, or should i

Specifically, thi

based on your exps
is there some geng
that says based o
the exact dimensi
more than two feq
criteria you want
whether it's acou

MR. 9
standard review p
of generic guida
reference back tqg

pull in this guid
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ygested this as a possibility. It
there's a lot of good information
lessons learned that--I'll use the
t may not be clinically correct for

BWRS . Would it not make sense to

Al

Am dryer issue and put that in an
ggested, and then I have a question,
is of ignorance. It seems to me
bt of what I would call detailed
for BWRs lessons

based on vyour

1]

§ the appropriate place to capture
t find its way into other guidance?
ngs like not Jjust the dryer, but
rience with these standpipe issues,
Nric guidance that you could provide
m experience--I'm not familiar with
ons—--these stand pipes should be no
£t or half a wavelength or whatever
to use to take out this amplifying,
stic or other in the plants.

CARBROUGH : Yes, now we do in the
lan 3.9.2, which is the staff's sort
mce for this general area, we do
so we do sort of

reg guide 1.20,

lance there, and then for the ITAAC
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for the new ESBWH
to the flow throu
not get these res
analysis and GH h
to show that for g
they will not s4
haven't looked

different vehicle
that would be an

MR. K

is a reg guide

designing of the
MR. S
MR. K

lot of detail org

dryers and inferr

coming from X ved

that's design

operational testi
MR. S

point. We'll go

there is somewherd
I'd have to talk
see what guidance

review for steam

I

D

Cou

(202) 234-4433

Pnances,

He these resonances.

lines and such,
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y, we do have an ITAAC that relates

Jh the steam lines to ensure they do

and they're going to do an

4s already been doing that analysis

heir--the steam lines for the ESBWR,

So, but we

iinto putting that guidance in a
that's more design oriented. But

interesting thing to see--

TRCHNER: That was my feeling. This

for operational testing, not for

plants.

CARBROUGH: Right.

ITRCHNER: But yet you delve into a

the BWR 1issue, particularly the
ed that the driving functions are

sel causes. So it strikes me that

nriteria, not red guidance for
ng.
CARBROUGH: Exactly. That's a good

back and look at that and see if
else also that we can include this.
to maybe the systems branches and
they have in terms of their system

and maybe there's a
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RT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

way to try to copy
to make sure that
for the new react
Thank you.

MR. W

comprehensive vi

consists analysid
assessment of tes
assessment progra

MR. K
it seems to be yol
it seems to me yol
issues that sho

testing phase.

MR.

Ida)

That's a good sug

the systems brang

documents they
incorporate this
MEMBE

and Walter for thgq
members 1f they
comments to the ?

MEMBE

comment, and I'vdg
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/1 this guidance into those documents
the new plants are addressing this
drs and also for maybe SMRs as well.
DNG : Yes, the Reg Guide 1.20, the

bration assessment program, it

, the stop testing, and later the
ding results. So this comprehensive
m does include the analysis part.

TRCHNER: No, I understand that. So

I're dealing with--yes, I agree, but

I're dealing with fundamental design

wldn't wait for the operational
CARBROUGH : I agree. Thank vyou.
gestion. I'll go back and talk to
nes and see what documents, design
lave where we might be able to
gquidance. Thank you.

R SKILLMAN: I want to thank Jose

ir comments; I want to ask the other

might have comments. Pete, any

R RICCARDELLA: Just a philosophical

been working in this industry for
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close to 50 vydg
specifically on B}
a lot of simil
failure problems,
problem like that
And we not only

spades, you know,
if it would be K
balanced approach
then we looked af
other things up p
bringing this thi
that in here; I d
just kind of an

the years. I dor
at all on thisg

observation.

MR. 9

and actually if y

the Quad Cities,
beefing up the dry
you know, it weig
up they put in t}

the resonance at

fine just the wa

L

b

il

Cou

(202) 234-4433

ar failure

artially to speed,
ng up so much so.

on't know how to solve it,

hs 100,000 pounds,

y it was,
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Ars now, and I haven't worked

R steam drivers, but I've worked on
problems, operational
and it seems like when we have a
, we focus in on it like a laser.
solve the problem, we solve it in
and we make sure--and I just wonder
etter served with a somewhat more
where we assess the problem, but
other areas and brought all these
rather than just

And I kind of see

but it's

dbservation that I've made through

't know if it has any implications

reg guide, but it's Just an

CARBROUGH: And I understand that,
ou look back at what happened with

they kept beefing up the dryer,
er and making it into a brick, right
right? It ended
e acoustics side branches, removed
all. That old dryer probably was

you know, but they went
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through it by bee
looking at hey wi
resonance. And W
resonance went aj
they probably did
MEMBE
in the dryer, it
MR. S
was the resonance
MEMBE

dryer.

MR.

z

that's--and so I
MEMBE
we've put in reqy
in effect, every
up buying and sp
dryer, and is tha
MR. 9
went the other waj
lines, and if thej
in the acoustic s
to go away, maybe

MEMBE

lot of EPU plantg

I

Cou

(202) 234-4433

nat's causing that,

R BLEY:

CARBROUGH:

R RICCARDELLA:

1 found resonance,

R RICCARDELLA:

175

fing up the dryer first rather than

and it was the
hen they put in the side branches,

ay, 1t flatlined, right? And so

m't need to replace the dryer.

And it wasn't the resonance

was the resonance--

Yes, 1t was system. It

in the steam line.

R BLEY: It was the system, not the
HCARBROUGH : Yes, right? And so
dgree-—-

But yet as we said,
irements that are so rigorous that

plant that wants to do an EPU ends

ending the money to buy a new steam

t really necessary?

CARBROUGH: Right, and so if they
and started looking at their steam
they'd be putting
ide branches and get the resonance
their current dryer might be--

Well aren't there a

out there that are operating with
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their old dryers?
Quad Cities?

MR. S
but then I think

the Quad Cities w

a lot of lower dgnes,

everybody thinks
definitely ways

guilty sometimes

piling on when w

just the way we alr

MEMBE
revised Reg Guide
to the line of thi
there an exit r
suggest if the apj
that by use of si
such that

means,

the dryer might b

MR. S
MEMBE
MR. S

side branches, th
MR. H

-that's overly s
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The ones that were approved before
CARBROUGH: I guess there are some,
going up to 16 percent, you know,
@4s going up quite high. There were
like five percent or so that
there's

is fine. But vyes,

© look at this and I agree, we're

of jumping on something and really

¢ have a problem. You know, it's
re.
R SKILLMAN: Well Tom, will the

1.20, which is Rev. 4, give access
Inking that Pete just described? Is
oute 1in this revision that would
jlicant or the owner can demonstrate
de pipes or standing pipes or other
the resonances are defeated, that
¢ Just fine?

CARBROUGH: Yes.

R SKILLMAN: Is that in there now?
TARBROUGH: There is a discussion of
ings like that, but--

Let's not-

AMBRIC: This is Steve.

implifying it.
NEAL R. GROSS
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have that kind

there's other th
frequency stuff W
reactor recircula

valve resonance.

dryers, too, so.
MEMBE
you, Steve.
MR. H

I don't think we @

1f we took care of

be okay.
MEMBE
response. Thank
MEMBE
MEMBE
anything?
MEMBE
before, about sor

the reg guide, bu
mentioned it, so-
MR. S
you.
MEMBE

MEMBE
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of resonance, and it cracked, so

ings, too. There's a lot of low
>'ve been messing with lately, the
tion pump down, it's not always the
There's other stuff that hits the
Thank

R SKILLMAN: Fair enough.

AMBRIC: Complicated structures, so
ain just write everything off because

the side branch, everything should

R SKILLMAN: Thank vyou. Good
you. Pete, anything else?

R RICCARDELLA: No.

R SKILLMAN: Thank you, Pete. Mike,

R CORRADINT: Just I had mentioned
2 sort of screening suggestions in

1 I think you'wve caught that and you

Cou

(202) 234-4433

JARBROUGH: I wrote that down, thank

R SKILLMAN: Thank you. Joy?

R REMPE: Well, to kind of go back
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to Pete's comment

discussed with Brjowns Ferry,

bad,
application has a
I mean how 1long

data are bad, ar
decide oh,

they'l

for three units?

MR. S
with Browns Ferny
talking, started

power upright. A

of -- so what tri
know what trigg
replacement steam

MEMBE

poor data that th
that, but why not

MEMBE
yourself.

PARTI
withdrew the firg
was not consist

meth

consistent

methodology. And

was-—-and tHey gave up, and I
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a little more, and what we briefly
they said the data were
guess their
replacement steam dryer in it, but
ras the discussion about well your
yd what triggered the licensee to
1 just go buy some new steam dryers
JARBROUGH:

Yes, well I was involved

y years ago, and they were just
talking about a replacement or the
nd so it spanned five or six years
ggered--can you Jjust answer--do you
ered Browns Ferry to go for a
dryer?
R REMPE: Steve did say they had
ey —— lots of noise and things 1like
try and do something else?
Please

H SKILLMAN: identify

CIPANT: The reason why Browns Ferry

t application was because the data

U

Ant, and also they did not wuse

bds in bench marking their

then they kept modifying the dryer,
NEAL R. GROSS
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and they were n
allowable limits
dryer, and they
withdrew that app
number of issues

Browns Ferry appl

they will replac

their contractors)|

a year ago, not (g
ago with the new
MEMBE
have any other co
MEMBE
comments please?
MEMBE
MEMBE
Dennis, comments
MEMBE
really got a lot (¢
I think it's a re
MR. S
MEMBE
sure the 1line 1
there's no one in

we'll check the
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Nt able to show that i1t met the

So because it was an existing

couldn't qualify, they finally

lication. So there were a multiple
iissociated with the submittal of the

ication. So then they decided that

U

H the dryer, and then also change
And then they just came back about
uite a year ago, about nine months
application, and with new dryers.

R REMPE:

Thank vyou. And I don't

mments.
R SKILLMAN:

Thank you. John, any

R STETKAR: No sir, nothing.

I¥ SKILLMAN: Thank vyou, John.
Please.

R BLEY: Nothing additional; I

ut of today's presentation, thanks.
ally solid reg guide.

(ARBROUGH: Thank you.

R SKILLMAN: Derek, would you make

§ open, please? For the record,

the room to make a public comment;

phone 1line for a second here.
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Members, please

business when we

don't leave.
DEREK]
MEMBE

the ACRS, by chan

line please? If

say hello? Hearii
line. Members,
satisfied with

configuration sud
NRR saying we do
this, or do you t
committee for the
then for a full ¢

MEMBE
the staff. So 1
are. Are your plg
to the reg guide,
define substantia

MR. S
going to sit dowi
everything we've
redline markup o

heard of your sug

180

don't scoot, we've got a bit of

Nlose the microphone here, so please

It's open.
R SKILLMAN: Good afternoon, this is
de is anybody from the public on the
someone is there, would you simply
1g none, thank you. Let's close the
the question at hand 1is are we

the reg guide in its current
n that we could write a letter to
not wish to have further action on
hink we should bring it to the full
full committee's consideration, and
ommittee letter?

R CORRADINI: I have a question for
need to hear what Tom--his plans
ins to make modest, clerical changes
or substantial changes? You get to
l; T don't want to audit it.
CARBROUGH: What my plan is, we're
N with the consultants and go over
heard; we're going to prepare a

ff this and incorporate what we've

jestions, and then what we've talked
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it back to Derek, and let you all

it and see if we've captured

thought we'd also 1look at the

brove 1it, and then send it back to
nll decide if we've captured your
e's additional changes that you all
lay through Derek back to us, and
incorporate those. Because we're
the best possible document, so we
ing that, and I think that would be
|t that way. So that's my plan.

BLEY: Point of process. The full
rite a letter if we take it to full
n't do anything, although at a PNP
could recommend that the Executive

but we don't usually do

al .

Yes, that's my failure

h the admin. What I'm really trying

e do we want to go from here? It

the best thing we should do is to
1 Rev. 4, do an adjusted Rev 4 and

us who did this review to review it

hen make a recommendation to our
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Right, that would be

SKILLMAN: Does that make sense?

BLEY: Are vyou saying to have

ee, or just to read it?

SKILLMAN: No, just to read it and

lves, and then make a decision what
ear for the record, here's what I
Lo happen.

Tom, you and your team

what you've heard today, and you're
time considering what we've
consultants have offered. You'll
ript, and you will amend the present
then you'll send it back to Derek,
nd it to those of us who have been
what

us members what do you think,

rom here? And at that point, we as

nmmittee will make an answer back or

ck to Derek where to go from here.

Very good, yes.

Is that what we agreed

rk? Everybody? We've got a plan.
ry much.

(ARBROUGH: Thank you.

R SKILLMAN: Any other comments? We
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are adjourned.
(Whergupon, the proceedings were

concluded at 4:24||p.m.)

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433
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Agenda @ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

« Overview of Regulatory Guide (RG)

* Reasons for Revision

« Summary of Revisions

» Specific Lessons Learned

* Public Comments Received and NRC Responses
« Summary and Conclusions




Overview of RG 1.20 @ USNRC

United States Nuclear Regulatory Commission

G enera I I n fO rm at i on Protecting People and the Environment

« Applicable Regulations
— 10 CFR 50
« Appendix A, GDC 1
« Appendix A, GDC 4
« Appendix B
« RG 1.20 provides guidance on acceptable methods for
developing and implementing a Comprehensive Vibration
Assessment Program (CVAP) for reactor internals at nuclear
power plants

— Particular attention is given to avoidance of adverse effects from Flow-
Induced Vibration (FIV), Acoustically Induced Vibration (AlV), and
Mechanically Induced Vibration (MIV)

« Related Guidance: SRP 3.9.2, “Dynamic Testing an
of Systems, Structures, and Compon ’




Overview of the RG @ USNRC

United States Nuclear Regulatory Commission

Te C h n i ca I |S sues Protecting People and the Environment

 (Guidance on classification of reactor internals as
prototypes, limited prototypes, or non-prototypes

— Considers multi-unit plants/applications
— Considers individual component replacement
* Analysis procedures
— Forcing functions (FIV, AIV, MIV)
— Response modeling, including convergence of stress calculations

— End-to-end benchmarking

 Measurement procedures

— In-plant measurement issues



Reasons for Revision of RG1.20 @ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

« Update prototype definitions

— Rev. 4 includes only 3 classifications (reduced from 8)

« Reorganize into more concise and useful sections
— Ensured consistency with organization of revised SRP 3.9.2

« Add numerous lessons learned for analysis and
measurement procedures

— BWR extended power uprate (EPU) applications (steam dryer FIV
and AlV)

— ESBWR Design Certification application (steam dryer)

— South Texas ABWR Combined License application (steam dryer,
and reactor internals

« Applicability to small modular reactor (SMR) applications

— Control rod drive mechanisms (CRDMs) might be inside react
pressure vessel (RPV) module et

— Close proximity of reactor internals and *ntial intera"




BWR Steam Dryer Lessons

« Many RG 1.20 improvements
are based on lessons learned
from BWR EPU and new plant
applications involving steam
dryer structural integrity

— Used as examples throughout
revised RG

— Lessons are applicable to other
reactor internals

« Minor adjustments to geometry,
structural properties, and/or
operating conditions can lead to
significant changes in structural
vibration and alternating stress

@ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment




Technical Revision Summary 2 USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

* Prototype definitions

* Analysis procedures

 Measurement procedures




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

P rototype D efi N i ti ons Protecting People and the Environment

* Prototype

— First-of-a-kind or unique design for which no previous “valid
prototype” can be referenced

— Becomes valid prototype after completion of CVAP with no adverse
Inservice vibration phenomena

* Limited prototype

— Demonstrate by test or analysis that differences from valid prototype
have no significant impact

* Non-prototype

— Substantially the same arrangement, design, size, and ope

conditions as a valid prototype 7 '

Y |




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

Key Exc itati on M ecC h an i sMms Protecting People and the Environment

« FIV and acoustic resonances produced by fluid flow across
or parallel to structural components

« AIV caused by reactor pump pressure pulsation or pressure
waves emanating from acoustic resonators such as the
standpipes of safety relief valves (SRVs) in main steam
lines (MSLs)

« MIV of reactor internals and other structural components
caused by structure-borne vibration transmission from
reactor recirculation pumps (RRPs) and other machi

JA )/

Y |




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

A na Iys i S P roce d ures Protecting People and the Environment

« Structural, Hydraulic, and Acoustic Modeling
— Modes of Vibration
— Structural Damping

— Frequency Response Functions

* Forcing Functions
— Flow EXxcitation with Feedback and Lock-In Mechanisms
— Scale Model Testing (SMT)
— Computational Fluid Dynamics (CFD) Modeling
— Force Inference Approaches

— Mechanical and Acoustic Forces from RRPs

\{
Y |




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

An a Iys is P roced ures (co nti nu ed) Protecting People and the Environment

« Computing and Benchmarking Structural and Acoustic
Operational Response

— Benchmarking of Overall (End-to-End) Computed Response
— Stress Convergence and High-Cycle Fatigue Evaluation

— Operational Vibration and Stress Acceptance Criteria

* Preoperational and Testing Analysis




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

M easureme nt P roce d ures Protecting People and the Environment

Specific guidance for BWR steam dryers

In-plant measurement issues

Vibration measurement program documentation
— Instrumentation and data acquisition
— Preoperational and power ascension test plans
— Acceptance criteria

— Test duration and conditions

Inspection criteria




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

L i m ite d an d non- P rototype Protecting People and the Environment

« Simplified analysis and measurement sections

* Applicants reminded that seemingly minor changes in

geometry or operating conditions can lead to significant
increases in FIV, MIV or AlV

— Testing and analyses needed, but reduced in scope

— Case by case evaluations by staff




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

S pe C ifi C Less ons Le arne d Protecting People and the Environment

 Excitation mechanisms

Structural modeling

Acoustic modeling

Forcing functions
« SMT

End-to-end benchmarking

Structural stress modeling

Instrumentation

it -
In-plant measurements ’ '

« Power ascension ‘
JL > |



Technical Revision @ USNRC

Specific Lessons Learned: e B—
Excitation Mechanisms

 Relevant Excitation Mechanisms for Dynamic Analysis

- Not well defined in Revision 3 of RG 1.20

- Operational experience with acoustic resonances of valves on main
steam lines

- Operational experience of structural failure that may have been due
to RRP excitation at the vane passing frequency

®» Brief introduction of mechanisms (FIV, AR, AlV and MIV)

» Flow excitation by various oscillation modes of shear layers

®» Resonance of the acoustic trapped modes inside main steam

isolation valves (MSIVs)
» Boiling water excitation of the immersed lower portion (eﬂn‘
BWR steam dryer (included in end—to-enifnchmarkin? '

Y |




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ¢ Less 0 ns_ Le arne d ’ Protecting People and the Environment
Structural modeling (1/3)

o Structural Modes

— Previous application materials show differences between as-
modeled and as-measured modal frequencies and mode shapes

— Used to establish uncertainty in structural modeling resonance
frequencies

®» [orcing functions should be compressed and expanded in
frequency to span uncertainty (+/-10% has been acceptable in past
applications)

» [orce inference procedures which combine measured response
and modes from models need to properly account for uncertainty |
resonance frequencies




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
) Protecting People and the Environment
Structural modeling (2/3)

Structural Damping

— Rayleigh damping is commonly used for time-domain structural
analysis. Some applications chose anchor frequencies either:

— Above a strong low frequency forcing function
— Below a strong high frequency forcing function

» Anchor frequencies must be chosen to ensure conservative
response are calculated at peak loading frequencies

- Some applications have applied additional damping due to
hydrodynamic viscous effects (perforated plates, for example

» Acceptable when substantiated and validated e -




Technical Revision @ USNRC

SpeCifiC Lessons Learned: United States Nuclear Regulatory Commission
Structural modeling (3/3)

Protecting People and the Environment

« Documentation and Justification

- Previous steam dryer EPU applications initially provided incomplete
or inadequate documentation and benchmarking of vibration and
stress calculation methodologies

- Also, previous applications showed sometimes significant
differences between as-designed and final as-built conditions and
final alternating stresses

» A more formalized and rigorous documentation and justification of
procedures is therefore warranted

4-




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ? Less 0 n_s Le arne d ’ Protecting People and the Environment
Acoustic modeling

 Acoustic models are often used to calculate structural
loading distributions

— Previous applications have initially provided inaccurate modelling of

acoustic properties, sound wave spatial discretization, and nozzle
areas

» Acoustic properties (sound speed, mass density, damping) may be
adjusted during benchmarking, but must not deviate excessively
from physically justified values

» Spatial discretization must be at least 6 elements/acoustic
wavelength

®» Circular nozzle areas must be properly represented in dis
meshes




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe c_ ! fl ¢ Lesso_ ns Le arne d ’ Protecting People and the Environment
Forcing Functions (1/3)

« Bounding Expressions of Forcing Functions

- Number and arrangement of operating pumps can vary resulting in
biased flow distribution inside RPV

» (Jse the reactor flow distribution which results in the highest
possible local flow velocities

- Dynamic response of reactor internals depends on the phase
distribution and the correlation length of fluid forces

®» (Jse conservative simplifications and approximations to ensure that
forcing functions are bounding

- Some initial applications extrapolated resonance amplitude from
response over an excessively wide frequency range
» (Jse a narrow frequency band centered around the resem.a

tfo estimate the growth rate of resonances “ ’ '
L ,‘




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

S pe c_lfl ¢ Lesso_ ns Lea m ed : Protecting People and the Environment
Forcing Functions (2/3)

 Effect of Geometry Details

— Some self-excitation mechanisms can be affected strongly by small

changes in geometry:
- sharpness of a corner at flow separation
- length or diameter of the standpipe of a SRV
- clearances at structure supports
- revolution per minute (RPM) of RRP

®» CFD and SMT models must be accurate replicas

» Analyze the effects of individual changes and the cumulative effects
of all deviations from previous successful design

» Analyze components which are similar in design but larger in
than a previous successful design

®» Analyze effect of changes in tii mP
YA v




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe c_ ! fl ¢ Lesso_ ns Le arne d ’ Protecting People and the Environment
Forcing Functions (3/3)

« Numerical Simulations

- CFD codes are often used to estimate flow velocities which are used
to estimate forcing functions

- Although presently not common, CFD techniques may in the future
assist in developing forcing functions

- Boundary conditions in numerical simulations (acoustic, hydrodynamic
or structural) are often variable or ill-defined. This needs conservative
assumptions to produce bounding response

» All simulation codes must be validated on systems which are

Similar to the plant components in both geometrical complexity and
flow regime
el
» Use feasible boundary conditions which result in-boundi
response ‘
4 ‘

YA v




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : [IJ)nited Sfates Nuclear Regulatory Cf)mmission
. rotecting People and the Environment
Scale Model Testing (1/3)

« Dynamic Similitude

- Previous applications used SMTs to estimate forcing functions
» Ensure dynamic similitude of the SMTs:

- Mach number for flow-acoustic coupling, and fluid-elastic
parameter for fluid-structure interaction

- Only conservative distortions of model parameters are
acceptable

 Effect of Reynolds Number (Re)

- The Reynolds number is much lower in SMT than in plants
- Previous SMT showed results dependence on Re

» Demonstrate that the SMT results are not mfluenced byY

increases in the Reynolds num?e_
A J




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
. Protecting People and the Environment
Scale Model Testing (2/3)

 Effect of Transient Test Conditions

— SMTs are often performed at transient test conditions (variable
pressure, temperature, and velocity)

— SMT results are very sensitive to variations in test conditions
— Measured resonance peaks become wide and weaker

» Perform multiple test runs at the same test conditions to obtain
reliable SMT results with reasonable uncertainties

» Perform sample size sensitivity analyses to ensure bounding
estimate of the forcing functions
-« D)

"

Y |




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : [IJ)nited Sfates Nuclear Regulatory Cf)mmission
. rotecting People and the Environment
Scale Model Testing (3/3)

« Bump-Up Factor (BUF)

— The ratio between the dynamic loading at a power level to that
measured at a lower power level

— Obtained from SMT and used to estimate in-plant forcing functions
from in-plant measurements at lower power levels

— Found to be frequency and location dependent

— Uncertainties in transient tests can cause BUF underestimates

®» BUFs must be validated with plant test data

®» /ncrease range of SMT to provide margin against
uncertainties in test conditions = -

®» BUF cannot be less thiﬁsdow velocitg
Y |




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
) Protecting People and the Environment
End-to-end benchmarking

 Benchmarking: previous applications have benchmarked
individual component of the analysis procedure, and
combined their bias error corrections and uncertainties
(B/U) using square root sum of the squares (SRSS)

— Such an approach assumes that all forcing function and response
mechanisms are included in the analysis procedure

— Not always true (as learned from steam dryer experiences)
®» [E£nd-to-end benchmarking is preferable

— On-structure vibration and strain measurements include all
sources and response mechanisms

]
— Single B/U captures any neglected sources.or erron7?

response modeling “

4
f §

|




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
. Protecting People and the Environment
Structural Stress Calculations (1/3)

o Structural Stress Procedures
ASME BP&V Code Section lll, Subsection NG

— Provides stress and fatigue limits for core support structures; adopted
for nonsafety-related BWR steam dryers to preclude loose parts
generation

— Limits on primary stress, primary + secondary stress, and fatigue due
to cyclic loading all need to be satisfied

— Due to high frequency excitation mechanisms, the potential for high
cycle fatigue must be evaluated, requiring conservative estimates of
local stress concentrations, such as at fillet welds

» Detailed guidelines for structural analysis included in.R

convergence of stress solution throMssive mesh 1
h ] l'
L J




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
. Protecting People and the Environment
Structural Stress Calculations (2/3)

 Analysis Procedures

— The input time step and model mesh refinement for the structural
analysis must be short enough and fine enough, respectively, to
capture both rapid time variations and spatial variations of the
dynamic input

— Structural model meshes and surface loading model meshes are
nearly always different

» Solution time step should be no larger than 0.125 times the shortest
period of interest (e.g., 0.0005 sec. for 250 Hz)

» The input time increment may be no larger than 0.25 times the
shortest period of interest, with 0.125 times preferred - -

» Checks on the load mapping of locallzed loading distribu?’

particularly in areas of e eed to be ¢




Technical Revision @ USNRC

United States Nuclear Regulatory Commission

Specific Lessons Learned: o .
. rotecting People and the Environment
Structural Stress Calculations (3/3)

« Weld Stress Concentrations

— Follow the fatigue evaluation procedures and acceptance criteria of
ASME B&PV Code, Section lll, Subsection NG, for fillet welds

— Stress concentration factors needed to ensure reasonable estimates
of total stress (primary+secondary+peak) for fatigue evaluation of

fillet welds
» Two acceptable methods described

» 1. Four times the nominal stress at the juncture in a global
model without fillet details

» 2. Three times the linearized stress on the throat of the fill
submodel analysis with nominal fillet geometry incluebc.

]7
Y |




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ¢ Less_ ons Le arne d ’ Protecting People and the Environment
Instrumentation (1/2)

* Measurement locations

— Selection of measurement locations which are well correlated to peak
vibration and stress regions ensures rigorous monitoring of a
structure's actual condition during power ascension

» Accelerometers need to be placed at or near predicted peak
response locations

» Strain gages need to be placed at or near locations with predicted
minimum gradients in Strain

®» (Coherence needs to be maximized between sensor and critical

response locations
-« D)

"

Y |




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ¢ Less_ ons Le arne d ’ Protecting People and the Environment
Instrumentation (2/2)

« MSL Strain Gage Arrays

— Internal pressures inferred from hoop strain measurements

— Past applicants have reported difficulties measuring repeatable MSL
hoop strains within the same plant, or between plants

— Sensor failures, background noise problems, and operator error
have all led to erroneous loading estimates

» At least four working gages around circumference needed (more
preferred for risk mitigation if some sensors fail)

» Static pressurization calibration recommended

» (pdated measurements needed before power ascensiofq -

‘r

Y |




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : [IJ)nited Sfates Nuclear Regulatory Cf)mmission
rotecting People and the Environment
In-plant measurements (1/2)

 Previously submitted measurements have been
unacceptable

— Q/A issues (wrong sensor channels, improper calibrations)

— Poor data quality (high Electromagnetic Interference [EMI],
unexplained data corruption)

» General in-plant measurement guidance provided
» /nstrumentation need to function properly in plant

» As-welded strain gage calibrations needed, periodic shunt
recalibration recommended

» [nstruments/cabling should be far from high EMLre

» Data acquisition systems sWMated
’ »
A J




Technical Revision @ USNRC

S pe c ifi c Less o n s Lea rn ed : United Sfates Nuclear Regulatory Cf)mmission
Protecting People and the Environment
In-plant measurements (2/2)

 Noise reduction methods

— Electrical tones (60 Hz multiples, RRP drive frequencies) often add
noise to measured data

— All measurement systems have a broad-band noise floor

» Noise reduction techniques acceptable provided they do not lead to
excessive signal reduction and unreasonable data

» Notch filtering to remove electrical tones should be used with care,
perhaps with ‘backfilling’ of averaged signal

®» Coherence processing and wavelet noise reduction acceptable bu
must be substantiated

-« D)
» Use same noise reduction method in ben arking and
power ascension measurelieRisr
‘ »




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ¢ Less o_n S Le arne d ’ Protecting People and the Environment
Power Ascension (1/3)

* Power ascension limits

— Sensors, instrumentation wiring, data acquisition systems, and
reactor response may change slightly over time due to aging and
other effects

— Root mean square (RMS) and/or frequency-dependent limits may be
used

®» Since limits are based on relative differences between a base state
and future condition, they should be updated prior to power
ascension

» |f peak or RMS limits are used:
(a) Use sufficient number and type of sensors and Ioca‘- -
(b) Ensure all impm’tﬁmdng function r
‘ »

Y |




Technical Revision @ USNRC

1 . United States Nuclear Regulatory Commission
S pe ¢ Ifl ¢ Less o_n S Le arne d ’ Protecting People and the Environment
Power Ascension (2/3)

 Limit violations and reanalyses

— Full structural reanalyses are time consuming, and often impractical
during power ascension

— Monitoring sensors have finite lives

» Reanalysis may be performed using approximate methods that have
been shown to be reasonable and conservative in previous
benchmarking

®» Final structural analysis after completion of power ascension should
be conducted using full analysis procedures

— )

Y |




Technical Revision @ USNRC

SpeCifiC Lessons Learned: United States Nuclear Regulatory Commission
Power Ascension (3/3)

Protecting People and the Environment

 Acceptance limit updating and trending

— Acceptance limits are updated at each power ascension level

— Responses are projected to full power level using trending analysis
and compared to acceptance limits

» Trending must be based on data at several lower power levels

» [or coupled resonance behavior, trending needs to apply
conservative functions to ensure worst-case response at higher
power levels is adequately bounded

— )

Y |




Addressing Public Comments @ USNRC

a nd N RC Res ponses United States Nuclear Regulatory Commission

Protecting People and the Environment

« 53 Comments received from:
— Westinghouse
— General Electric — Hitachi
— Private individual

 All comments addressed
— Comments led to several clarifications of draft RG revision

— Comments consistent with intent of revisions: improve and clarify
guidance for reactor internal CVAP

« Significant comments (those that led to revisions)
summarized on following slides with NRC responses

— All public comments and NRC responses provided prior to
meeting




!
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Public Comments & NRC Response (1/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

It is often unclear what text is The RG was revised to better
2 | background information vs. distinguish background information from
3 | expectations for a predictive analysis, | regulatory guidance. “Reason for
E’ measurement program, or inspection | Revision” section of RG includes
Q | program. Rework the document to statement to clarify that much of the
o | clearly define the requlatory revised guidance uses steam dryer
® | expectations for a CVAP separately lessons learned as examples. Although
8 | from background or lessons- learned | these examples are specific to dryers,
S | information. the guidance is applicable to all nuclear
.'g power plant internals.
o

In Section C.1.4, define “high margin | An_example of what the staff considers
-g., of safety.” to be a high margin of safety was
© included (e.g., a margin of safety of 2.0
i in the steam dryer alternating stresses).




Public Comments & NRC Response (2/10) @' [JSNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

In Section C.2.a, provide guidance on
the approach to be utilized to
determine the hydrodynamic loading

The sentence was modified to clarify the
boiling water sources, and include other
internal dynamic forces which are

on the steam dryer due to “boiling
water rumbling.”

difficult to quantify. Additional guidance
for difficult-to-quantify internal forces is
provided in Section C.2.1.3 which
advocates using end-to-end
benchmarking of on-structure
measurements so that bias errors can
be used to account for any unaccounted
sources.

oundary conditions | Excitation by boiling water

B

Section C.2.1.1, last paragraph should
be reworded to indicate that “ill-
defined boundary conditions” should
be evaluated where they have a
significant impact on the response of
the component. In some case, test
data shows that installation/assembly
does not affect the frequency

- response of the component.

The sentence was modified to call for
assessment of boundary condition
variability when that variability leads to
non-negligible response differences, not
only “significant” response differences.




Public Comments & NRC Response (3/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

In Section C.2.1.2, Subheading “CFD This section was revised to replace
< | Modeling,” Paragraph “b,” reword to replace | “the smallest flow areas” with
.g “including proper definitions and “small flow passages.” No
S | representations of the smallest flow areas” changes, however, were made
= | with more general guidance to appropriately | regarding CFD validation because
S consider the effect of small flow passages. this issue is addressed in
. | Rephrase the statement to provide general Paragraph “a.”
= guidance to use sound judgment and provide
validation where necessary in CFD modeling.
In Section C.2.1.2, Subheading “CFD This section was revised to replace
Modeling,” Paragraph “c”: The term “local “the maximum possible flow
S | velocity” is ambiguous, and could be velocity” with “high local velocities.”
+ | misinterpreted. Further, depending on No other changes however were
2 | circumstances, higher local velocities may made since Paragraph “c” does
€ | not result in more limiting flow-induced loads. | not state that more limiting flow-
E Recommend rewording the guidance to induced loads result from higher
O | ensure effects such as high local velocities local velocities. Instead, it states
are appropriately considered. that high local flow velocities need
to be taken into account.




Public Comments & NRC Response (4/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

In Section C.2.1.3, Subheading, The sentence was modified to
“Benchmarking of Overall (End-to-End) clarify that the supplemental
Computed Response,” first paragraph, measurements are helpful, but not
modify the guidance to “validate the always necessary when end-to-

simulation of intermediate quantities, such as | end benchmarking is used.
loads....” to reflect that the load
measurement/prediction comparisons are
supplemental and are not necessary.

End-to-end Benchmarking




Public Comments & NRC Response (5/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Section C.2.1.3, Subheading “Stress Method 2 provides a level of
Convergence and High-Cycle Fatigue conservatism consistent with the
Evaluation,” paragraph “c”: Method 2 — Is guidance in ASME BPV Code
there justification (e.g., publication or test Section lll, Subsection NG, and is

data) that supports reducing the weld fatigue | acceptable to NRC for calculating
strength reduction factor (FSRF) from 4 to 3? | the alternating stress for two-sided
This is not consistent with ASME Code, fillet welds. In Method 2, the
Section lll, subsection NG. nominal geometry of the fillet weld
is explicitly modeled using solid
elements. The value of the
linearized, converged stress on the
throat, taken at the root, and
multiplied by 3, provides
alternating stress predictions for
fatigue analysis that are consistent
with Method 1. This was
determined by parametric study of
both Method 1 and Method 2.

Stress Analysis of Filet Welds




Public Comments & NRC Response (6/10) <@ S NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

< | In Section C.2.2, first paragraph, revise The statement was revised to
= .g “Instrumentation will be needed for new enable flexibility for the
& g components that have no operating instrumentation of new
9 o | experience” to add allowance for components that have no
€ § justification for no instrumentation for this | operating experience.
S £ | new component.
c
5 Section C.2.2.3, paragraph “e” only The paragraph was expanded to
+ & | discusses fuel assemblies, but should be | address test configuration and
5 % generalized to address all significant conditions.
f—_” g differences between the CVAP test
S O | configuration and conditions and normal
ﬁ"_ 2 | operating configuration and conditions.
é ©

/




Public Comments & NRC Response (7/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Component Modification

The paragraph on page 9 of Section C.1.2
did not address the situation where only
one or two components change and the
rest of the components remain the same
as the prototype. The changes may have
significant effect on these one or two
components but not on the others. Will the
entire reactor internal assembly be
classified as prototype because it cannot
be demonstrated that there is no effect on
all components?

The introduction to Section C.1
was expanded to clarify the
differences between the full reactor
internals and individual
components. Additionally, a new
Subsection 1.5, “Special
Considerations for Replacement /
Modification of Individual Reactor
Internal Components” was added
to address individual component
replacement / modification.




Public Comments & NRC Response (8/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Using Section C.2.1.3, fourth paragraph as | Paragraph 5 of the Background
an example. At many places, addressing section in Section B, “Discussion’
bias and uncertainty is required. Even already provides a general

a though determining the uncertainty of the | summary of acceptable methods

= experimentally collected data can be done, | for determining bias errors and

‘© performing rigorous statistical analysis for | uncertainties, along with the

E the theoretically derived forcing function benefits of end-to-end

e and the finite element analysis benchmarking which can eliminate

3 uncertainties and the propagation of the the need for cumbersome

= variable uncertainties can be very difficult | component-level benchmarking.

" and does not add value to the program. To further clarify the discussion,

g Most of the uncertainties during the this section was revised to mention
analysis are addressed by using the acceptable use of conservative
conservative assumptions. assumptions (provided they are

substantiated).
]

Y P

Y |




Public Comments & NRC Response (9/10) <@ US NRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

> | Using Section 2.1.3, Subheading “Stress The stress terminologies were
o) : : :

0o | Convergence and High-Cycle Fatigue revised as necessary to be

Q | Evaluation,” paragraph “c” as an example. consistent with the ASME BPV
‘€ | Throughout the RG, the term "peak stress" has Code Subsection NG

I’§ been misused to refer to "total stress.” Refer to terminologies.

o | NG-3213.10 and NG-3213.13 for the definitions

g of peak stress and total stress.

7

= Section C.2.2.3, paragraph “e” does allow This section was revised to

= | conducting the test without the dummy fuel if it is | allow testing without real or

o justified that such condition will yield conservative | dummy fuel assemblies if it is
_% results. However, the conservative results may justified by analytical or

Q | not always be achieved without the fuel due to experimental means such that
%‘ many factors that affect the final response such the test condition will yield

£ | as the flow rate, structural frequency and reasonable results.

§ temperature. Higher flow rate or lower

< | temperature may not lead to conservative

§ stresses due to the structural frequency aspect of

. | the analysis.

I Y A g
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United States Nuclear Regulatory Commission

Protecting People and the Environment

Reactor Pump Vibration

In Section B and Section C.2(c) the statement
about studies of past failures have determined
that the steam dryer in a BWR plant
experienced fatigue failure caused by vibration
transmission from the reactor pumps at the
vane pass frequency (VPF) is misleading
because it was not conclusive that the reactor
pump VPF vibrations were the sole cause of
the failure.

The RG sections were
modified to state that the
reactor recirculation pump
VPF tones may have
contributed to the fatique
failure.




Summary and Conclusions @ USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

« RG 1.20 revised

— Simplifies prototype classifications
— Addresses many lessons learned from EPU and new reactor

applications
— Ensures reasonable applicability to SMR applications

* Revised RG provides improved guidance to ensure
structural integrity of reactor internals subjected to FIV,
AlV, and MIV

* Public comments received and addressed

— Westinghouse, GEH, and private individual provided comments
— Several clarifications made to the draft RG revision based on
public comments

 RG 1.20 Rev. 4 ready for final publication

JA
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Overview of NRC RGs @ USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

* RGs identify one or more method(s) that the NRC has
determined to be acceptable (but not required)

 RGs do not impose requirements

« Applicants are free to use an alternative method, provided
that they demonstrate to the NRC that the selected
method satisfies applicable regulations

« Use of RGs by applicants conserves staff resources and
simplifies licensing because the guides identify methods
that the staff has already determined to be an acceptable

approach to meeting the regulations




RG Revision Process/Timeline @ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Draft RG Issued for Public Comment in Federal Register July 2, 2015

Initial Comment Period Response Date August 31, 2015
Total 53 Comments Received
Westinghouse Comments Received August 26, 2015
GEH Comments Received August 31, 2015
Jianfeng Yang Comments Received August 31, 2015
Public Comments Addressed and RG finalized December 25, 2015
RG Issued to NRO/NRR for Concurrence Review March 21, 2016
OGC Preliminary Review April 7, 2016
ACRS Subcommittee Review May 17, 2016

Incorporate Any ACRS Recommendations (TLS)

OGC Review for NLO (Usually 2-weeks)
Publish on the FR (Approximately 1- week)

A g




Technical Revision Details @ USNRC

United States Nuclear Regulatory Commission

P rototype Defi n iti ons - Cco nti nu ed Protecting People and the Environment

* Multi-unit plants

— Prototypes, limited prototypes, and non-prototypes for multi-unit
plants on a single site or for a standard design at multiple sites

 |Individual component replacement

— Same definitions apply for individual components

— Show that component replacement will not significantly affect other
components




Technical Revision Details

Examples of Internals - BWRs

Chimney and partitions
Chimney head and steam separator assembly
Steam dryer assembly

Feedwater spargers

Standby liquid control header, spargers, and piping
RPV vent assembly

Core plate

Top guide

Control rod drive housing and guide tube

Orificed fuel support

Jet pump and support

Shroud and shroud support

Core plate and reactor pump differential
iIn-core monitori ' -

R USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment




Technical Revision Details

Examples of Internals - PWRs

Core barrel

Upper core support assembly
Lower core support assembly
Control rod guide assembly

In-core instrumentation guide tubes
Flow distribution device

Heavy reflector

Irradiation specimen baskets

R USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Although this regulatory guide applies to reactor internals, it provides

guidance that could be helpful for the evaluation of potential adverse
flow effects on steam generator (SG) internals and tubes in P

1

7




Technical Revision Details @ USNRC

United States Nuclear Regulatory Commission

Exa m p Ies of I nte rna I S - S M RS Protecting People and the Environment

For SMRs, reactor internals might include the following additional
components because of their location inside the integral RPV module,
even though some components might not be traditionally classified as
reactor internals:

— Reactor Recirculation Pumps (RRPs)
— Riser

— SGs

— Pressurizer

— CRDMs and supports

— Feedwater lines




BWR Steam Dryer FIV and AIV

United States Nuclear Regulatory Commission
Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

Q u a d C iti es D rye r C ra c ki n g Protecting People and the Environment
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BWR Steam Dryer FIV and AIV W USNRC

United States Nuclear Regulatory Commission

CFD Simulations — SIOW steam flow, Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

QCZ S u rfa ce P ress u re M eas u re m e nts Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

S RV S i d e B ra n c h Reso n a n ce Load i n g Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

S RV S i d e B ra n c h Res o n a n ces Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission
M S L St ra i n G a g e Arrays Protecting People and the Environment
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BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

GEH PBLEO1 Dryer Load Modeling




BWR Steam Dryer FIV and AIV # USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Westinghouse Approach:
ACE (based on ACM)
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BWR Steam Dryer FIV and AIV ' USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

Weld Stress Calculations
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BWR Steam Dryer FIV and AIV W USNRC

United States Nuclear Regulatory Commission

Les s o n s Le a rn e d H i sto ry Protecting People and the Environment

« Quad Cities (QC) — Replacement Dryers (RSD)
 Discovered SRV side branch resonance issue

« Evaluated GEH and Exelon measurement (MSL strain gage arrays)
and modeling (ACM and structural analysis) methods

» Evaluated benchmarking approaches, primarily of dryer pressure
loading

* Vermont Yankee (VY) — Original Dryer

« Evaluated GEH approximate modeling methods for more efficient
power ascension

« Susquehanna (SSES) — RSD
« Evaluation of RRP VPF mechanical excitation tones
* End to end benchmarking data (on-dryer strain gages) amL‘

» Learned that industry has difficulty m ing low freqw

skirt loading and res



BWR Steam Dryer FIV and AIV W USNRC

United States Nuclear Regulatory Commission

Les s o n s Le a rn e d H i sto ry Protecting People and the Environment

« Hope Creek and Nine Mile Point (HC, NMP) - Original dryers
» Assessed with ACM (CDI), apparent low loading
* No end-to-end benchmarking
« Grand Gulf (GGNS) - RSD
« Assessed with PBLE (GEH)
» End-to-end benchmarking of full replacement dryer

» Discovered core flow variability has stronger than expected impact
on dryer stresses

* Monticello (MNGP) - RSD
» Assessed with ACE (revision of ACM by Westinghouse)
« End-to-end benchmarking of upper dryer only
* Delays and Q/A issues with MSL measurements == -

JA J'




BWR Steam Dryer FIV and AIV W USNRC

United States Nuclear Regulatory Commission

Les s o n s Le a rn e d H i sto ry Protecting People and the Environment

« GEH ESBWR

« Designed with PBLE

« Multi-plant prototype and non-prototype procedures established
« Peach Bottom (PB) - RSDs

» Assessed with ACE

* End-to-end benchmarking led to on-dryer stress estimates which
exceeded allowable fatigue limits

» Inference method developed based on FE mode shapes and on-
dryer strain measurements

* Nine Mile Point and Hope Creek redux

« ACM errors discovered by Westinghouse while evaluating MNG
and PB (skirt loads much too low, leading to non-conservati
dryer stress estimates)

« NMP2 assessment of im




BWR Steam Dryer FIV and AIV W USNRC

United States Nuclear Regulatory Commission

Les s o n s Le a rn e d H i sto ry Protecting People and the Environment

« Browns Ferry (BFN) — RSDs

Original EPU application attempted to qualify existing dryers
Electrical and other background noise corrupted MSL measurements
Could not establish existing dryer safety with reasonable assurance
New 2015/16 application provides improved MSL measurements
RSDs will be used with end-to-end benchmarking




BWR Steam Dryer FIV and AIV @ USNRC

United States Nuclear Regulatory Commission

Le ssons Le arne d H i st (o) ry Protecting People and the Environment
OLTP MS5L EPU MSL
OLTP EPU Steam Steam
Plant Design/ Original EFPU RPV I.D. Power Power Velocity Velocity
Plant Containment License granted [in) (MWt) (MWt) (ft/sec) (ft/sec)
Monticello {MNGP) BWR3/Mark | 1971 2014 205 1670 1870 149 179
Quad Citles 1/2 {QC) BWR3/Mark | 1972 2004 251 2511 2957 168 202
Dresden 2/3 BWHI Mark 1 1970 2004 251 2527 2957 168 202
Vermont Yankee (VY) BWR4/Mark | 1972 2006 205 1593 1912 140 168
Browns Ferry 1,23 (BFN) BWR4/Mark 1 1973 Pending 251 3293 3952 128 161
Susquehanna 1,2 (S5ES) BWR4/Mark 1T 1983/1985 2009 251 3293 3952 128 158
Hope Creek (HCGS) BWR4/Mark | 1986 20087 251 3293 3840 143 167
Peach Bottom 2,3 (PBAPS) BWR4/Mark I 1973 2014 251 3293 3951 129 155
Laguna Verde 1,2 [LV) BWRS/Mark 1T 1990/1995 201472015 205 1939 2327
Nine Mile Point (NMP2) BWRS/Mark 11 1987 2011 251 3233 3988
Grand Gulf (GGNS) BWRG/ Mark 111 1984 2012 251 B33

\



BWR Steam Dryer FIV and AIV

Lessons Learned History

Plant

Manticella {MNGP)
Quad Cities 1/2 (QC)
Dresden 2/3

Vermont Yankee (VY)

Browns Ferry 1,2.3 (BFN)

Susquehanna 1,2 [S5ES)
Hope Creek {HCGS)

Peach Bottom 2,3 (PBAPS)
Laguna Verde 1,2 (LV)
Nine Mile Point (MMP2)

Grand Gulf (GGNS)

Original Steam
Dryer type

GE Square hood
GE Square hood
GE Square hood

GE Square hood

GE Slanted hood

GE Curved haod
GE Curved hood
GE Curved hood
GE Curved hood
GE Curved hood

GE Curved hood

FIV MSL tones

Yes, ..

Yes, primary shear
layer

Yes, primary shear
laver

Mo

Yes, primary shear
layer, and deadleg low
frequency

Yes, secondary shear
layer, and deadleg low
frequency

No

Yes, primary and
secondary shear layer
Yes, primary shear

layer

MNo
Yes, secondary shear
layer

MSL ASBs
installed

Mo

Yes

Yes

MNo

Ma

M

Mo

No

Yes

MNo

Mo

Dryer

loading Dryer structural

tool

ACE

ACM

ACM

ACH

PBLE

ACM

ACM

analysis tool
Westinghouse
frequency domain

GE time-domain
GE time-domain

GE time-domain

GE time-domain

GE time-damain
CDI frequency
domain
Westinghouse
frequency domain
Westinghouse
frequency domain
CDI frequency
domain

GE time=-domain

\{

Y |

@ USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Modifications,/ Replacement

Replaced with Westinghouse 2 ring octagonal

'Maordic” dryer

Replaced with GE stiffened slanted hood (QC2
dryer instrumented), ASBs installed

Replaced with GE stiffened slanted hood, ASBEs
installed

Medified original dryer

Replaced with GE stiffened curved hood, BFN?
Instrumentad

Replaced with GE stiffened curved hood,
instrumented

Medified original dryer, in-air damping
measured on spare HC ariginal dryer
Replaced with Westinghouse 3 ring octagonal
‘Nordic' dryer

Medified original dryers

Modified original dryer following discovery of
nonconservative dryer loading errors
Replaced with GE stiffened curved hood,
instrumented

——
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